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PREVACE

The computer program (CURVES) described in this Memorandum was
developed in support of estimating-relationship research e. orts being
conducted in the RAND Cost Analysis Department. This program represents

a compllation of various parts of existing programs written by the

AR e i e o MRS, RS Ses imt 5.

author, with modifications being included where necessary. The author
makes no claim to originality or to efficiency of operation with re-

gard to the program. The main purpose of writing such a program was

to have available for cost analysts an easily workable, user-oriented,

rediieT}

curve-fitting computer program--especially adapted to handie tk aath-

ematical functions most commonly used in the development of estimating

T 1T

relationships.
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SUMMARY

This Memorandum describes a FORTRAN-IV curve-litting compul ~
progra- that has been developed within the wW'ND Cost Analysis DepAart-
ment. The rrogram makes least-squares determinations cf the param-
eters of any of five mathematical functions selected by the user,
given a sct of observations on the dependent and independent variables
of interest. The functions available in the program arc the line,
parabola, power, asymptotic-power, and exponential. Up to three in-
dependent variables may be used for the line and power functions.
Alsv, the Y-intercept may be specified for the line, paraboia, or
asymptotic-power function.

A discussion of the characteristics of the functions is presented
in Section I, including an examination of thosc¢ nonlincar functions
that require special metheds for solution. Also included is a bricef
discussion of the statistics used in the pregram. Specific details
on the operation of the program are presented in Section IT1. This
section also treats the options available to the user. Program out-
puts are discussed in Section III. For the benefit of the reader,
sample outputs from two ..uns are shown.

Mathematical considerations relating to nonlincar-least-squares
solutions are treated in Appendices A and B, A listing of the FORTRAN-

IV computer program is presented in Appendix C.
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I, INTRODUCTION

PRGGRAM DESCRIPTION

A FORTRAN-IV curve-fitting computer program (CURVES) has been
written by the author that makes least-squares determinations of the
parameters of any of five types of functions, given a sct of ohserva-
tions on the dependent and independent variables of interest. These
functions are commonly used in the derivation of cost analysis esti-
mating rclationships, and are: (a) line, (b) parabola, (c) power,

(d) asympzotic-power, and (e) cxponential. They are described in de-
tail in subsequent parts of this section. Standard statistics re-
lating to "goodness-of-fit' measures are also calculated in the pro-
gram. No predictive statistics are included, however, because of the
difficulty of obtaining such statistics for the nonlinear functions--
the latter threc above.* Conscquently, the program is intended essen-
tially for curve-fitting.

The CURVES program can handle up to 200 data points for each re-
gression and is so structured that if a set of data cards contains
data for several separate regressions, that set needs to be entered
only once. This obviates the need for duplicating such input data
decks for each regression run. A variable-format procedure is provided
the user so that data may be entered in any order on the input cards.
Aiso, an option it provided to allow the user to specify the Y-intercept
value (regression constant) for the line, parabola, and asymptotic-
power functions.

The program is written completely in FORTRAN-IV, using A4 formats
for all alphanumeric information. No matrix-inversion or other sub-
programs are used. All solutions are made through either standard,
algebraic methods for the linear and paratolic cases or through iter-
ative methods for the other cases. Consequent’y, the program should

be readily adaptable to other computer systems.

*

In this Memorandum, a linear function is defined as oue which
is linear with respect to all of its parameters. Under this definition,
the parabola is considered to be a linear function.




FUNCTION TYPES

The functions available in this program were chosen principaliy
cn the basis of their application to tho derivation of cost analysis
ostimating relationships. They are:

>

i. Line {containing up to three independent variables)

Y <A +B . (X1),

Y=A R (XI) +C - (&),

Y-intercept
A+B « (X1} +C " (X2) + 1 - (X3 (A) mayv be
speciiied.

<
i

2. Parabola

T =Aa+B - (X1) +C - (XD)Z

3. Power (containing up to three independent variables)

A @xDP,

<
[}

A - n® a0,

e
#
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4. Asymptotic-Power

B Y-intercept (C)
Y={A: (X1)]+C may be specified.

5. Exponential

y = oA B (X))

b

*As in FORTRAN notation in the program, the independent variables
are represented by X1, X2, and X3, respectively. When only one inde-
pendent variable is considered, X1 is used. Also, as cxplained later,
only positive values &re considered for all variabies.




<
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dependent variable,
X1, X2, X3 = independent variables,
A, B, C, D = parameters to be determined by least-sguares methods,

e = constant = 2.71828.

FUNCTION CHARACTERISTICS

Examples of some of the types of curves that can be obtained from
the five functions are shewn in Fig. 1 for a one-independent-variable

case.

Linc

The linear form is the most simple of the forms trecated here. Its
characteristics are well known and, in the opinion of the author, need
nc further elaboration. The user has the optien of using up to three
independent variables and also the option of specifying the Y-intercept

(A).

Parabola

Sometimes the parabolic function is used to represent points that
lie along a curve having a Y-intercept (including zero). However, one
must be aware that since this function is actually a pclynomial of de-
gree 2, its curve always has a maximum or minimum peint (vertex). This
means that the effect of the independent variable (X1) on the dependent

varieble (Y) is reversed once tuis point is traversed. Again, the user

has the option of specifying the Y-intercept (A).

Power

The power function is one of the more common functions used in
cost analysis work. A plot of its logarithmic counterpart, the log-
linear form, is known as the 'learning curve" or "improvement
cost curve.'" However, for reasons discussed later, the power, rather

than the logarithmic, form 1s used in this program. For this function,
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Parabola
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Fig. 1--Examples oi Curves used in Program for a

Onec-Independent -Variable Case
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the user has the option of using up to three independent variables.
For positive cxponent B, this curve always passes through the origin,

as shown in the figure. Therefore, it should never be used where a

positive ¥Y-intercept is desired cor logically required. For negative
B

, the curve is undefined at X1 = 0 and is a declining curve, approach-

ing asymptotically the X1-axis as X1 becomes large.

Asymptotic-Power

An examination of the fourth function, the asymptetic-power,
that the curve has a horizental asymptote of Y = C for negative B.

That is, as X1 becomes large, the first term (A - XIB) approaches zero,
and hence the value of Y approaches that of the constant term €. Con-

sequently, therc is a level-off effect associated with this curve for

negative B, This function may thus be used to represent points that

lie along a curve either increasing or decreasing to a horizontal

asymptote. Like the power curve, this curve is undefined at X1 = 0

for neg..ive B. For positive B, there is a Y-intercept equal to C.

As X1 becomes large, the first term {A - XlB) ultimately becomes large
compared with C, and therefore Y approaches a pure power function
(A - X1%) in this region of XI.

A plot of the asymptotic-power function on log-log paper produces
a curved line at low values of X1 that approaches cither a horizontal
(B < 0) or inclined (B > 0) asymptote at high values of X1. Where a

positive Y-intercept is desired, the user may specify a value for the

constant term C,

Exgonential

The last form, the exponential, is used to represent points that
. . , . A
lic along & curve having a positive Y-intercept (e ). The curve may

be cither a rising (B > 0) or falling curve (B < 0)--the falling curve

approaching asymptotically the Xl-axis. The logarithmic counterpart

of the cxponential function is the semilog function, which produces a

straight linc on scmilog paper. That i1s, In Y is a linear function




%
of X1. As was the case with the power function, for reasons discussed
later, the exponential, rather than the semilogarithmic, form is re-

tained for this program.

NONL INEAR-LEAST-SQUARES SOLUTIQNS

It can be shown mathematically that the least-squares solutions
of the parameters of any function are always exact and unique provided
that the function is linear with respcct to all of its parameters.
Therefore, for this program, the line and parabola produce exact and
unique solutions. (The term exact is used to refer to & solution that
can be obtained algebraically.) However, the latter three functions
are not all linear in terms of thelr parameters. Thus, their solutioms
are not exact and, as shown later, may not represent absolute minimums
of the sum of squares of the Y residuals. They must be obtained in
some other way--usually through some type of iterative procedure, (The
general principles of such procedures and other mathematical consider-
ations relating to the solutions of nonlinear-least-squares equations
are presented in Appendix A.)

Foi the power and exponential functions, a modified Gauss-Newton
method is used, in which initial estimates are obtained from the log-
arithmic solutions (which are exact) and then correctious, guaranteed
to produce convergence to & solution, are applied to those initial es-
timates. This procedure 18 repeated until the absolute change in the
value of each parameter becomes equal to, or less than, some predeter-
mined value (10‘8 in the program).

The solution of the asymptot.c-power function is based on another

type of iterative procedu because there appears to be no casy way to

*
All logarithms discussed herein are natural logarithms (base &)
and are represented by In.

**This procedure is described in detail in RM-4879-PR by C. A.
Graver and H, E. Boren, Jr., Multivariate Logarithmic g£ad Exponential
Regression Models, The RAND Corporation, July 1967. It may be noted
that conceptually, the solutions for the power and exponential func-
tions are each different than for their logarithmic counterparts (sce
Appendix A). Also, the term "exponential” in che above refervnced RM
is cquivalent to th term "power” in this Memorandum.

e
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obtain the initial guesses that are required for the modified Gauss-

Newton method. .uis procedure is treated in Appendix B.

STATISTICAL CONSIDERATIONS

Because of the difficulty of calculating and applying predictive-
type statistics for the nonlinear functions, it was decided to use only
"goodness of fit" statistics in the program.* Consequently, this pro-
gram should be regarded as essentially a curve-fitting program with
only those statistics being used that relate to how well the curve fits
that particular set of data. Also, it should be noted that the statis-
tics may not have exactly the same meaning for the power, asywptotic-
power, and exponential functions as for the line and parabola because
of the nonlinear chavacteristics of the former three. In general,
statistics for nonlinear functions should be used with care. For ex-
ample, unless there is proof to the contrary, the F statistic for a
nonlinear function probably should not be compared with the F table.
Such statistics should generally be used only qualitatively--not
quant itatively--until a thorough investigation is made into the appli-
cation of such statistics to nonlinear functions.

The principal reason for omitting the logarithmic forms in this
program is that it is very difficult to compare their fits statisti-
cally with those of the nonlogarithmic forms (see Appendix A)., As a
resnlt, no logarithmic curves are used and the statistical results
relating to the five functions used in this program can be compared
more directly. However, Since the iterative solutions for the power
and exponential functions require that their logarithmic solutions
be determined for the initial estimates, these solutions are also
printed in the output (without any related statistics) for the benefit
of the user.

A summary of the statistical equatlons is prisented in Section

111, following the discussion on program outputs,

*The use of predictive statistics for the power function is treat-
ed in RM-4879 (sece previous footnote). However, that program requires
many additional subroutines, which in the opinion of the auvther, would
make the CURVES program prohibitively large, slow in operation, and
restricted to 50 or less data points.




ITI. INPUT PROCEDURES

The flow of cperations within the program is depicted in Fig. 2.
The program is so structured that many scts of data may be entered, in
which each set (< 200 data points) comstitutes a run. AS soon .. each
set is read in. the program operates on that set before proceeding to
the next set of input data. Each data set may be entered on a separate
deck of cards. On the other hand, several or all of the data sets,
if space on the cards permits, may be entered on one deck of cards,
thus effecting considerable savings in the use of cards and in the
effort of duplicating a deck of cards containing data for several
runs. A variable format procedure is used, allowing much flexibility
in the format of the input data.

Listed below are the types of cards that must be entered for the

first run.
1. Title card
2. Order card Need to be entered only once if input data
for all runs are to be entered in same
3. TFormat card format
4. Scale card Used only if data are to be scaled or if
Y-intercept is to be specified.
5. Data cards
6. Blank card
7. End card Optional
TITLE CARD

The title card must b~ entercd for ecach run. In addition to the
title (alphanumeric), this card also contains other information about
the run. If the two cards relating to the variable-format procedures
(order and format cards) are to be read, a "1" is entered in Col. 1 of
the title card. For th: first run, a "1" must be entered. For subse-
quent runs involving different input formats, i: still must be entered.

However, if data for all subsequent runs are to be cntered on separate
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SUBROUTINE INPUT

READS INPUT DATA FROM CARDS
| ST PACE MR TO 1. OR UTILITY DISK AND, IF SO
; DESIGNATED, WRITES DATA ONTO
' 1 UTILITY DISK FOR REREADING
SET RUN COUNTER TO 1. DURING THE MEXT RUN.

NRUN =1

Y
PRINT MAIN HEADINﬂ

1

SUBROUTINE CHECK

CHECKS INPUT DATA FOR £RRCRS
AND, IF SO DESIGNATED,
SCALES DATA,

AND PAGE NUMBER ON
FIRST PAGE.

STEP PAGE NUMBER BY 1. SUBROUTINE SUMS
IPAGE = IPAGE + 1 ORDERS THE DATA FROM LOW TO
} HIGH VALUES OF Y IF INDICATED;
OBTAINS VARIOUS SUMS AND
‘ CLEAR COMMON. MEANS OF THE INPUT DATA; AND
®- (SET VALUES OF MOST OBTAINS THE STANDARD
™ VARIABLES IN COMMON DEVIATIONS OF THE INPUT DATA,
TO ZERO)

{

SET SUBROUTINE

(Exponential)

5] CHECK VALUE
INDICATOR TQ 1. . OF EQUATION
IND = 1 Asymptotic-power DESIGNATOR,
i IEQ L.(_.P_O.L_deo)
‘ 2
SUBROUTINE READ |

SUBRQUTINE PRINT

READS TITLE CARD A= D, PRINTS APPROPRIATE
IF SO DESIGNATED, ORDER

SUBHEADING FOR
CARD, VARIABLE-FCORMAT EQUATION BEING
CARD, AND SCALE CARD.

USED .
®Equations used in progra,
1. LINE
Y+A+B(XI)

CHECK Y =A +B(X1)+C (X2) lAnvmorce;:.
VARIABLE-FORMAT =9 1 caLL Y=A+B(X1)+C (X2)+D (X3) A moy
DESIGNATOR (IFMT) IN eXIT specified

COL.1 OF TITLE

2. PARABOLA
Y=A B (X1)+C (x1)?

3. POWER
Y = A (XN (x2)¢(x3)°

Intercept
C may be
specified

4. ASYMPTOTIC-POWER
v=[A(X1)8)+C

EXPONENTIAL
Y :e(h*l (li)]

Fig. 2--Flow of Operations




Line

SUBROUTINE LINE

SELECTS APPROPRIATE SET OF
NORMAL EQUATIONS FOR
LEAST-SQUARES SOLUTION
OF EQUATION OF A LINE
CONTAINING UP TO THREE
INDEPENDENT VARIABLES.
(INTERCEPT A MAY BE SPECIFIED.)

Parabola

-10-

\symptotic-power

SUBROUTINE # SYM

DETERMINES LLAST-SQUARES
SOLUTION OF ASYMPTOTIC -

POWER FUNCTION,

SUBROUTINE PARA

SELECTS APPRCPRIATE SET OF
NORMAL EQUATIONS FOR
LEAST- SQUARES SOLUTION

OF EQUATION OF A PARABOLA,
(INTERCEPT A MAY BE SPECIFIED.}

SUBROUTINE SOLVE
SOLVES SIMULTANEQUSLY

UP TO FOUR LINEAR

C{D

L

SUBROLITINE POWR

FIRST, SELECTS APPROPRIATE SIY
OF NORMAL EQUATIONS FCR
LEAST-SQUARES *OLUTION OF
LOGARITHMIC-LINEAR EQUATION,
THEN USES THAT >OLUTION AS
STARTING POINT FOR ITERATIVE
SOLUTION QF POWER FUNCTION,

1

EQUATIONS,
? Exponertial
l SUBRQUTINE EXPO

FIRST. DETERMINES LEAST-
SQUARES SOLUTION OF SEMI-
LOGARITHMIC EQUATION.
THEN USES THAT SQLUTION AC
STARTING PQINT FOR ITERAT . &
SOULUTION OF EXPONENTIAL

- FUNCTION,

1

ek Q
SUBRQUTINE ITER -

DETERMINES LEAST SQUARES

SOLUTION OF POWER AND
EXPONENTIAL [ JUATIONS.

(o

Fig. 2--Flow of Operations (Cont.)

SOLUTION 1S BASED ON
MODHIED GAUSS-NEWTON
METHOD .
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SUBRQUTINE STAT }

CALCULATES STANDARD
STATISTICS RELATING 1O
L GOOONESS OF FIT "

SUBROUTINE OuTl

PRINTS SOLUTION AND
STATISTICS RELATING TO
"GOOONESS OF FiT,"

!
SUBROUTINE QUT2

PRINTS LISTING OF INPUT
DATA, CALCULATED Y
VALUES, Y RESIDUALS, AND
PERCENT Y DEVIATIONS.

-—

L]

STEP RUN COUNTER
8Y 1,
NRUN  NRUN ¢ |

|

RESET PAGE NUMBER
10 1.
IPAGE }

Fig. 2--Flow of OJperations (Cont.)
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decks of cards using che same format as the first run, then the '1"
only nceds to be entered for the first run. Whenever the 1 is not
entered, then the order and format cards are not entered.

If input data representing several runs are entered on one deck
of cards so that for subsequent runs those same cards will, in effect,
be reused, and hence re-rcad (in different fields), then a "1" is enter-
ed in Col. 2 of the title card for the first set of such data to be
read in. This causes the machine not only to read the first set of
data but to writc all of the input data onto a utility disk for re-
reading during subsequent runs. Unless the user selects another util-
1ty disk or tape, the program automatically uses utility disk S.SUO4
(FORTRAN logical unit 4) for this operation.

For the remaining runs that use the input data from the same deck
of cards, a "2" is entered in (ol. 2 of each title éard for those runs.
This causes the machine to read the input data from the utility disk
(instead of from new cards) in accordance with the format instructions
so entered.

Column 3 is used for the function designator. An integer from
"1" through "5" is entered to designate which function is being con-

sidered for that run. The integer designators are as follcws:

Integer Function
1 Line
2 Parabola
3 Power
4 Asymptotic-power
5 Exponential

There must be an integer of one of the above values entered in Col.
3 for the first run. If Col. 3 is left blank after the first run,
then the value for the previous run is used. Thus, if the same type
of function is being examined for a series of runs, its designator
needs to be entered only for the first run.

Column 4 is used to designate whether the input data are to be
ordercd from low to high values of Y. A value of "1" signifies that
the data are to be ordered. For the first run a blank (zero) signifies

that the data arc not to be ordered. However, for subsequent runs a
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blank (zcro) significs to the machine that the value of the order
designator for the preceding run is to be usecd. Again, this is done
s0 that if all runs in a scries arc to be cither ordered or unordered,
the order designator will only have to be entered for the first run.
In the case wherce a zero is desired for the designator after a "1V

has been cntered previously, a "2'" must be entered. This in effect
scts the value of the designator to zero.

The scale designator is entered in Cel. 5. If any of the data
are to be scaled (using the Scale Card described later), a "1" is
entered in this column. Otherwise it is left blank (zero).

Column 6 is used to designate whether the Y-intercept term for
the line, parabola, or asymptotic-power function is to be specified.
This is done by entering a "1." Otherwisc Col. 1 is left blank (zero).
If a "1"' is entered in cither Cols. 5 or 6, or both, then the scale
card is entered in the order shown previously.

Columns 9 through 72 are reserved for the title. The title may

consist of any alphanumeric symbols.

A summary of the information on the title card is given in Table
1. An cxample of a title card is shown in Fig. 3, in which a linear
regression is to be made on the input data ("1" in Col. 3). The data
are to be ordered with respect to Y ("1" in Col. 4) and are to be
scaled ("1" in Col. 5). The "1" in Col. 1 indicates that the order

and format cards are to be read next.

ORDER CARD

The next card (when usecd as specified by a "1" in Col. 1 of the
title card) indicates the order (from left to right) in which the data
are located on the data cards. The order (designated by alphanumeric
symbols) is entered in Cols, 1-2, 4-5, 7-8, 10-11, and 13-14. Depend-
ing on the number of independent variables being used and on whether
identifiers are being used, Cols. 7-14 may not be reguired. The sym-

bols used to show the order are as follows:
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Tabie 1

SUMMARY OF INFORMATION ON TITLE CARD

Columns Remarks .

1 A "1" indicates that the ocder card and format
card are to be read, respectively, fellowing the
title card If blank, no such cards are tc be
read. A "1" must be entered for the first rum.

2 A "1" indicates that the input data cards contain
datg for several runs and are to be written onto a
utility sk {Sysr o Unit S.SU04, FORTRAN Llogical
it 4)., A 72" indicates that the input data are
to be read from the disk. If blank, the input
data cards for this run are to be read vnly once.

3 An integer from "1" to "5" is used to designate
which functicn is being used. This is dene as
follows.

1 -- Linear
2 -- Parabolic
3 -- Power

4 -- Asymptotic-power
S5 -- Exponential

1f blank after the first run, the value for the
preceding run is used.

4 A "1" indicates that the data are to be ordered
from low to high values of Y. For the first run
a blank Indicates that the data are not to be
ordered. If blank for subsequent runs, the value
for the preceding run is used. A "2" {s used for
subsequent runs to restore the designator to zero
when desired.

5 A "1" indicates that the data are to be scaled.
Otherwise, it is left blank.

b A "1" fnuicates that a Y-inte. .pt is to be
specified for either the linear, parabolic, or
asymptotic-power casc. Otherwise, it is left
blank.

EETREE P

P

Fe-S
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Table 1 {Cont.)

SWUMMAKY OF INFORMATION ON TITLE CARD

Colums Remarks
7-8 Not used.
9-72 Title for run. May consist of any alphanumeric
symbols.
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Fig. 3--Example of Title Card




Symbol Type of Data
I ...... Identifier (alphanumeric) {option2l) |
Yl ...... Dependent variable (requircd) May be in any
X1 ...... First independent variable (reguired) order from left
X2 ...... Second independent variable {opticnal) to right.
3 ..., Third indepcndent v riable {optional) l

Suppose that a set of data is to be entered in which values for
the three independent variables and the dependent variable are located
in Cols. 1-12, 13-24, 25-36, and 37-48, respectively. Suppose also
that an identifier (a six-digit integer) is in Cols. 55-60. Then,
"X1," "X2," X3, "Y1," and "ID" would be entered respectively, in
Cols. 1-2, 4-5, 7-8, 10-11, and 13-14 to show the above order across
the card.

All alphanumeric information is treated in A4 formats in this
program in order to be adaptable to IBM-360 systems. In addition, the
identifiers may be entered in either A4 or 2A4 formats. This is in-
dicated in Col. 16 on the order card by either a "1" (A4) or a '"2"
(2a4), 1f Col. 16 is left blank, after the first run, then the value
for the preceding run is used.

The order card is shown in Fig. 4 for the above example, in wiich
a 2A4 format is to be read for the six-digit identifier. Since the
comas Separating the symbols are in columms that are not read by the

machine, they may be used for the purpose of clarification.

FORMAT CARD

The format card indicates where the data are located on the data
cards. Again, this card is used only if a "1" {s entered in Col. 1
of the title card. This card must begin with a left-hand parenthesis
and end with a right-hand parenthesis before , and the infor-
mstion within the parentheses must conform to the rules for FORTRAN
formats. Except for the alphanumeric identifiers, all input data
mutt be in real-number (floating point) formats. The format card

shown in Fig. 5 would be used for the previous example.
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SCALE CARD

As designated by a "1" in either Cols. 5 or 6 (or both) of the
title card, the scale card {s used either if the data are to be scaled,
or 1f the Y-inter.ept is to be specified for the linear, parabolic,

or agsymptotic-power function.

Data Scaling

The first four sets of two columns each on the scale card are
used for scaling the input dependent and independent variable data
when required ¥ These scale indicators (integera) are located as “ol-

lows-

Column Location of

Variable Scaled Scale Designator
Y (dependent variable) 1-2
Xl (first independer: variable) 3-4
X2 (second independent varjable) 5-6
X3 (third independent variable) 7-8

An integer (fixed-point) number is used to indicate the number of
places that the decimal is to be moved. A positive number indicates
that the decimal is to be moved to the right as many places as is the
value of the number. A negative number indicates that the decimal is
to be moved to the left as many places as is the absolute value of the
number. For example, suppose that a "3" {g entered in Col. 2 (must be
right-justified). Then each input Y value will have its decimal point
moved three places to he right, e.g., 50.123 —50123., 0.6127 —»
612.7, etc.

Care must be taken to enter all positive integers in the right-
hand column of the two-column set. If, for example, a "3" were enter-
ed in Col. 1 i1nstead of Col. 2, the machine would read the number as
30" instead of "3." Any scale factor entered applies, of course, to
the entire set of the corresponding variable for that run only. An
example of this ca&rd is shown in Fig. 6, in which the first-independent-

variable data (X1) &tc .u be scaled down by a factor of 10.

*
Data may also be scaled by using P-formats.




_20-

-1

]
UDREY 3”0"6"”001“ﬂBﬂOPOUQHHOﬂnﬂEUOWnﬂﬂ“OODPHD“ ﬂﬂOBfO"WGUﬂOD“O”OGOOUOUOUOﬁBO 0?00
I R B e NURETRLE  NTRER N I L LRI PR VAT RN VR TS L A" B I R A R T RN VY T FLR IV R R Lo
‘Ill‘lllll'llll,l)‘Il!llllIIIIIIII’llll!llllllllllll‘I1llllIlllllll:lllllll‘ll!!

izl N
JIII03 0035053330333 3003003333030 1333333 3303333 0330303333333333333333733333110403
AL A A A i L g i i et ay
SIS s s eSS assas38855898595595855555%
WEEEFS b6 Eb08h 6660006088086 6F (RO E0655666686666660688RCE6665660660066G6666666664u6640
R A NN RN RN ERE SR NN NS NNRE RN R RN RN RS R
TRABENBBUOBOABRTIBAO8Y8 Y 250182030080 A888E86 25530900838 R0880080C00 08880%08RS
"37§111?39’13i)1!10}19' lt‘il 7399909974 :799964¢ ”‘S°°999“°9“qNJQ"““099“90ﬁ09

Z‘ il . TR ) YATOYE e b Ak e .
oetas)

Fig. 6--Example of Scale Card




-21-

Specffied Y-Intercept

The specified Y-intercept {regression conatant) is entered in
Cols. 11-20. It is entered in real-number form anywhere within these
columns. The implied decimal point location is at the right end of

the field, between Cols. 20 and 21.

DATA CARDS

Each data card must contain at least a pair of values--one for
the dependent variable (Y) and one for the independent variable (X1).
Each data set constituting a run must contain one more data point than
the number of parareters being solved and may contain up te 200 data
points. The location of the data on the cards must be in exact agree-
ment with the information entered on the order and format cards, or
else the data will not be read properly. The numerical data (dependent
and independent variable values) must be entered as real numbers, and
the identifiers (if used) as alphanumeric data.

If, for any data card, either the Y field or any of the X fields,
that are read, but rnt all, are blank or contain zeros, that card is
skipped. However, if all X-Y fields are blank (zeros), the rcading
of input data for the run is terminated at that point (sec Blank Card
below).

In confunction with the above, zero or negative values are not
allowed for the X-Y input data. Another reason for this is that for
the powor and asymptotic-power functions involving negative fractional
exponents of neative X values, such cxpressions are meaningless,
Also, logarithms arc used in the solutions of the nonlinear functions,
and the use of logarithms restrict the input data to values greater
than zero.

An exampl: of a data card containing data in the format depicted

in Figs. 4 and 5 {s shown in Fig. 7.

BLANK_CARD

Each pack of data cards must always end with & blank card. This

card is uscd to terminate the reading of the input data for a given run.
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ND CARD (OPTIONAL)

The program is 8o structured that after ecach set of data is read
{n and processed, the machine attempts to read in another set of data.
After the final run when the machine cttempts to read in another set
of data that does not exist, control {8 returned to the FORTRAN monitor,
ending the series »f runa. At thls point, a statement is printed as

follows:
End-of-data encountered on svetem input file.

In order to provide a positive method of terminating a series of
runs, this optional method is provided tnhe user. If a '"9" {s entered
in Col. 1 on & card immediately following the blank card of the last
set of data (actuslly the next title card), it will ca se the proursm
to Cal! Fxi: and terninate the series of runs at that noint. [f this

is done, ithe End-of-Data statement will not be printed.

Fiyure 8 gshows the order of two data decks for a series of three
runs. In this figure, the gsecond deck of data also contains data for
the third roa. Hence, {t is to be written onto a utility disk for re-

readi{ay during the third ru.




Third run 1 Data for this run
are to be read oft disk con-
taining all data from second
deck of cards.)

p,
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( Order card

Title card JTor

L_ third run
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/

e

> Firat run

Fa

. 8--2 qane =~ nt of Two Data

(ard PFacks for Three Runs




ITI. PROGRAM OUTPUTS

Examples of program outputs for the line and power functions
are shown in Figs. 9-12. The particular data shown have no meaning
whatsoever and are presented only for the purpose of displaying the
outputs. Since the headings are rather self-explanatory, and the
statistics have already been discussed in Chapter I, no explanation
of them will be given. It should be emphasized again that the statis-’
tics presented may have different meanings with regard to the nonlinear
functions than with the linear functions, They should not be used as
predictors and should be regarded only as indicators of the ''goodness
of fit" for that particular data set.

As is shown in Appendix A for the power and exponential functions,

if there is a solution of the parameters lying in the reglon defined
by

2 - Yci - Yi > 0,
where Yci = computed value of Y at each point i,
Yi = observed value of Y at each point i,

then that solution represents an absolute minimum of the sum of squares
of Y residuals and is the only solution in that region. 1In addition,
it scems reasonable to assume that the above condition should hold for
those functions in order to have a ''good" fit. If the above condition
for the region does not hold, a message is printed noting that fact.

For the parabolic function, the X-Y coordinates of the maximum
or minimum point (vertex) are printed. After this point is passed,
the effect of X1 on Y is reversed.

Figure 13 is & listing of the input data for the two runs whose
outputs are shown in Figs. 9-12. The data are in the same format on
the cards as shown in Figs. 4-7. As Fig. 13 shows, the input data
for the second run (power function) are read in the same format as

for the first run. Therefore, the order and format cards are not
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1 L1l TESE qun 1 LINEAR Title card
3 AN L o-- 3
SRR X1 o K2 X¥aYho10,2 ()dercom‘
S (4F12.0, 6X, ¢a4) Format card
- -1 Scale cord
20.192R3 1C. 34567 4.2765) 27.94618 LOUN04 \
S0.377289 10,0 20.0 80e 0931 {01313
105,35447 65,2718 12.16547 100.41238 1c2121
62.17862 18. 8888 29.17454 R9.926 14 e 77
35,256 71 42.15543 27.17864 33,60992 100505
80.26561 35, 256411 15.25672 33.40204 1ulele
12.15487 3.26151 31.26884 «0. 71304 100707
65.33821 16.27865 1.27553 84.84007 LU151%
89.c6708  109..8547 46.27861 S4.53670 te1o1n
1C0.0 100.0 10.0 107, 75164 102323
121.17625  175.26876 52.17625 40.97917 L00B0A
2.31658 15.28765 30.98716 19.44080 100202
1CH. 26183 81.275%6)  1CT.206784 137.C 10271217
56.27182 19.26713 41.265117 88.26627 101616
15.26718 40.15672 €Y L1772 24.067R9 1C7303
79.26182 12.25615 10,26T13  141,55075 10303C > Input data
91.22268 85.12357 24.16213 4. 133608 10o1n)
97.26113 84.23456 95.25671 111.35247 1026424
02.24518 10.27625 17.24561 92.51133 101919
32.27615 8.18761 16.27615 51,7162 10090
18.27615 21.31617 3.2811¢ 40, 40568 100666
49,2887 1. 01167 S4.288117 94, 138172 102020
34.24689 4€,23418 35.28861  1(4.27262 102222
40.19R24 15.0 39.22218 71.09687 101212
117.33922 95.18293  100.0 131.24108 102626
75.12345 T6. 01111 88.99112 9C. 28862 101818
10.¢ 20.0 101.0 99.0 101111
74.28192 16.2218% 37.22215  138.46147 102878
89.22186 12.16%24 B.CL187 122.69347 102525
64.16253 102,33728  116.234T7  143.12064 102929
Blank card
3 TEST RUN 2 ~- POWER
35.18762 10.26781 1A.25673  391.20949 200606
1C2.15672 S6.28716 40.25617 1510.21359 202929
78.281719 66.26718  160.0 661412500 201515
102.17628 112.27162 13C.18719  880.20l45 200020
70.271468  108.26152  112.17817  535.5556% 201313
43.13425 59,17238 i8.21926  800.0 201818
10.21822 65.27819 95,1118 60.25169 200101
61.2221F 48,1821 92.23116  530.19078 201111
1€0.0 10G. 0 1C0.0 J80.76950 202222
120.11234 77.19283  1€5.25172 1138.31287 202925
34.1827) 26.18213 5.26114  912.511176 202121
29.12618 8. 16279 15.25619  115.19201 200202
20.23457 14.16289 4.29617 460.16664 200909
57.19287  102.0 17.26153  1345,54035 202721
120. 17865 90.24133  105.25671 115R.4516) 202626
25.14%¢7 Y4,256T1 90.0 143.04087 206303
17.26155 76.25144 10.15782 370,986 34 0NTC?
65.24138  110.27816 21,2551 1472,2290) 2U2A2A
28.12816 9.18826 3.2171S  1719.62800 200711
41.15287  118.26132 17.23518 425.471%% 2CORCH
35,1231 19.23518 37.26153  342.154B¢ 20050
121.211517 55.264351  110.23145 10CC.58891 202123
23.15678  104,28715 19.29175  451.27847 200G
111.25411 23.18726 76.16233  Al&.B7900 2019ty
151.26761 93.27615  178.29911 112%.67637 202426
44.27651 B5.28716 2718215 155,13481 201616
71.162%)  100.48273  145.27168  531.1%636 201212
112. 18882  141,235%7 25.18892 265C.C1076 20303C
38.29918 21.18R21 TCL21V64  26T.94037 20004
RI. 26615 5.21715 4%.23519  H8% 283183 201416
Blank card
Fig. 13--Listing of Inputs for Two Runs whose

Qutputs are Shown in Figs. 9-12




“3]=

required for that second run, Also, there is no scale card for the
second run because none of the data are scaled,

A summary of all of the statistics that are used in the CURVES
program is presented in Table 2 in simplified form, One should be
aware that when the Y-intercept is specified, not only are the degrees
of freedom changed, but the curve is no longer forced through the
means of the observed data. Consequently, the statistics will have
different values, In addition, for the linear case with the speci-
fied intercept, the F ratio, which is based on the distribution of the
Y residuals, may have its distribution altered.* Therefore, a compar-
ison of its value with tabulated values based on an assumed standard
F distribution may not always be valid, As a result, F ratios for the
specified Y-intercept cases may not always be comparable with those
for unspecified Y-intercept cases, A statement to this effect is
printed in the Summary Table of the output whenever the Y-intercept
is specified,

A listing of the FORTRAN~IV computer program is presented in Ape-
pendix T,

*
As was noted previously in Section I under Statistical Consider-
ations, F ratios for nonlinear functions may not be valid for compari-

sons with tabulated values,
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Table 2

STATISTICAL EQUATIONS USED IN PROGRAM’

Statistic Equation
Sum of Squares of Y N
Deviatiocns o 2
Sp= o Oy - Y
i=1
where
N = number of data points
Y, = observed Y value at each
i
point i
Y ., = calculataed Y value at each
ci
point i
Standard Error ¢f the Es- 1
timate of Y (Adjusted) S2 i Fo
where
P = number of parameters to be
solve
Coefficlent of Variation 52
(Percent) S, ={—=}. 100
3 Y
where
? = mean of observed Y values
Coefficient of Determination S1
(Unadjusted) S, =1 - 3
Yoy, <Dl
I i
i=l
Coefficient of Correlation ,
(Unadjusted) S5 = V5, ’
Percent Y Deviation Y - Y ;
i ci 3
36 « 100 - -~ :
{ { .

“The symbols used here are not necessarily those used in the pro-

gram.

T
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Table 2 (Cont.)

STATISTICAL EQUATIONS USED IN PROGRAM

Statistic Equation
Mear of Absolute Percent N
Y Deviations ' IS I .
(. 6
, i
S i=1
7 N

Standard Deviation of
Input Variables

8
where
V., = value of any input vari-
i
able
V = mean value of input vari-
able V
F Value N
< = 2
L, (Yci -Yc) /{p-1)
S = i=1
9 $,/(N-P)
where .

Y; = mean of calculated Y
values

Total Degrees of Freedom S10 = N-1

Degrees of Freedom About S11 = N-P
Regression Curve

Degrees oi Freedom Due to S S -S = p-1
Regression
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Appendix A

NONLINEAR-LEAST-SQUARES CONS IDERATIONS

LGGARITHMIC AND NONLOGARITHMIC SOLUTIONS

The usual procedure for making least-squares determinations of
the parameters of the power or ewsponential function is to tirst con-
vert the function into a leg-linear (or semilog-linear) function. One
then has a logarithmic linear equation which can be solved directly
through use of tihe stancard normal least-squares equations for the
lincar case. However, one should be aware that such a solution is not
the same conceptually as the least-squares solution of the function
before it is converted into {ts logarithmi- counterpart. This may b
seen by considering, for examp.e, the power function and its lowar’thw!
form.

Let
Y=a- @B x)t . ),
and

InY=InA+B - X1 +C + inX2 +D - In X3

For a lcast-squares solution, one s interested in minimizing the
*
sum o! squares of the Y residuals (denoted by Q). Therefore, for the

power function,

Q = (¢, - Y )2 * win.,

and for the logarithmic functioen

N
- 2

V' e - -

Q “(ln Yi 1n Yci) win. ,
{=]

*
Throughout this discusiion, Q fs used tu represent the sum of
squares of the Y res{duals.
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N
Y .2
or Q' = Z(ln T—) = min.,
{=1 ci

vhere N = number of data points,
Yi = observed value of dependent variable at each point i,

Yéi = calculated value of dependent variable at each point 1.

In the logarithmic case, the sum of squares of the actual dif-
ferences (residuals) between the observed and calculated Y values is
not being minimized--rather the sum of squares of the logarithms of
the ratios of those values 1s being minimized. Depending on the ob-

served data, Q and Q' wmay produce significantly different solutions
for the parameters A, B, C, D.

It may also be seen that any statistic based on the sum of squares
of Y residuals, such as the coefficient of correlation, may be mis-
leading if used to compare the logarithmic form with its nonlogarithmic
counterpart. For the logarithmic form, such statistics are in loga-
rithms and hence have different meanings.

The question as to whether, say, the power function or its log-
arithmic form is more appropriate for a set of data is beyond the
scope of this Memorandum. An answer to such a question depends on
many factors including the errors associated with the data and what
criterion is used for a '"good fit.'" For the interested reader, this

*
question is treated in more detail in RM-4879-PR.

NON-LINEAR SOLUTIONS

It is a necessary condition that the first partial derivatives
of Q with respect to the parameters must be zero in order that Q be
minimized. This is not, unfortunately, a sufficient condition for a
function that is not linear with respect to all of its »arameters.
The reason for this is that if Q could be graphed (in milti-dimensional
space) for this type of function, there might be other critical

*
Graver, Boren, op. cit.
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points--such as saddle points or relative maxima or minima points--
where the first partial derivatives would also be zero. A test that
checks for this possibility is the examination of the matrix of second
partial derivatives of Q, which is a generalization of the second-
derivative test for a one-parameter case. If this matrix is positive-
definite for all parameters in a region containing a solution, it can
be shown that the solution represents an absolute minimum for Q in
that region and is the only solution in that region.* However, 1if the
matrix is not positive-definite in that region, then there may be
other "solutions'" for the same set of data.

With regard to the power and exponential functions, it can be
shown that the matrix of second-partial derivatives of Q will be
positive-definite for values of the parameters which lie in the re-
glon defined by**

2 - Yéi - Yi >0, (coefficient A > 0 for power function)

where, again, YEi = calculated value of dependent variable at point {,

Yi = observed value of dependent variable at point i,

If there is a solution in the region defined above, then that solution
represents an absolute minimum of Q and is the only solution in that
region. In addition, it seems reasonable to assume that the above
condition should hold in order to have a good fit for the power and
exponential functions.

In summary, one should be aware that for a nonlinear function
the "solution" obtained may not represert an absolute minimum for Q.
The only sure way to know is to try all combinations of the parameters

for each data sample to determine all '"solutions'" and to then determine

*
H. 0. Hartley, "The Modified Gauss-Newton Method for the Fitting
of Non-linear Regression Functions by Least-squares," Technometrics,
Vol. 3, No. 2, May 1961, pp. 273-274.

sk
The proof is given in Appendix D of RM-4879-PR by Graver, Boren,
op. cit.




which solution gives the 1 west sum of sqGuares of Y residuals. fer
ractical reasons this is wery difficult to do. However, ond must
ro mber that he is attempting to find a solution te a function chat
adequatcely represents the data. Whether or not there are solutions
in other unknown regicns may be rather uniwportant if the solution
that is found is satisiactory to the analyst--that is, it satisfices

*
his criterion for a goo’ fit.

*For further information on ronlinear least-squares solutions
¢ reader is referred to Applied Regression Analvsis, by N, R. Draper
eod H. Smith, John Wiley and Sons, Inc., New York, London, Sydney,
66, Chap. 10, pp. 263-304.

s
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Appencix B

LEAST-SQUARES SOLUTION FOR ASYMPTOTIC-PUWER FUNCTION

DETERMINATION OF PARAMETERS A, B, C

For this program, a least-squares fit is assumed for the data,
in which the sum cof the squares of <he Y residuals (differences between
the observed values of Y and the correspcnding calculated —alues of
Y from the regression squation) is a minimum. Therefore, the Y resid-

ual (R) at any point i is

Ry =4 - %op
or
R, =Y, - (A~ XI° +0) (1)
i i i ’
where
Ri = Y residual at point i,

Y. = observed value of Y at point {,
Y , = calculated value of Y at point 1,
X1, = valuc of independent variable at point i,

A, B, C = paramcters to be determined.

The requirement for a le.st-squares fit for N sets of points is that
the suw of the squares of the Y residuals (denocted by Q) shall be &

minimum; that is,

N
Q = ;(Y1~A'X1?-C)2-m1n. (2)
i=1

First let Z1 = Xl?. Then Equation (2) can be written as follows:
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1

‘ 2
Q = L-‘(Yi-A'Zi-C) = min., (3)

i=1

*
From ncrmal regression equations

N
(Yi -Y) c‘zi - Z)
i=1
AA = I! ’ (4)
@, - D
i=1
C=Y-A-2Z. ()

N
T - 2
Q—L LY, - 4 Zi-(Y-A )1,
1=1
N
T = = -2
Q = ;,t(Yi—Y)‘A (Zi“z).j s
=1
N N
- 22, -
Q= /) { -Y) - Ay, -
i=1 1=1
N
(2, - D4 a2y @, - 7y
1=1

Let

'Y>2t

N
S -\_‘
> {a (Yi
{=

*
Overscores are uSed to denote means.




N

Syz = LJ(Yi - ) (. - é),
i=]
N

] " =2

2z LJ(ZI 2) .
i=]

Therefore,
2
Q=S8 -2 A8 +4°.5 .
yv yz 2z

From Equation (4) and the above definitions:

’ (6)

Thus,
S S 2
Q=35 - 2 .S-lz..s +_E + S ,
Yy zz yz 2z 2z
2
ves S
- R )
Yy Szz
However,
N
\_‘ -
Syz = z (Yi- Y) (zi "Z) ’
i=]
N N




Alsoc,

ZZ

A4

-Y) - éi’ Since
N
i -2
i (Zi - Z) )
i=1
N N
2 l2. % z
i L
i=1 i=1
N N
— 2 1 b
2t -2 i 2
- 1 N i
i=1 i=1
/ N 2
1 o
+ N[> 7
N (N US|
i=]
N N 2
T2 1 B
) L= Z
i Zi N R |
i=1 i=1

i=1

Finally, using Xl? for Zi’ and the above definitions, one nas,
from Equations (6), (5), and (7):

N
/. (Y, - ?) . Xlis
.=l ,
A=5 N N\Z
2B 1 T B
R E Xy
i=1 =1
N
C = -Y- - %" A, X1, ,

(8)

€))




Equatior: (10), which represents the sum of squares of Y residuals, is
therefore equivalent to Equation {2) but is expressed in terms of only
the one parameter B.

If Q is to be a minimum, the partial derivativec of Q with re-
spect to the parameters must be zero.* However, since A and C are
determined from Equations (8) and (9), there is no need to obtain

the partial derivatives of Q with respect to A and C. From Equation
(2), one has:

N
= . T_ - . B - . o . B
2+ (Y -A XL -0) ¢ (-4 X

i‘ lnXIi)=0,

N

" B
¢ In X - . X . b
n 1t C LJXIi In 1i

i=1

Let G represent the above function. Therefore,

The problem then becomes vae of finding the value of B that makes G

zero.

*
As was stated previously, this {s not a sufficient condition for

a function that is not !‘near with respect to all of {ts paramcters.
(See Appendix A.)




A

*
The sequence of operations in he computer program is as follows.

Firat, the various summations involved in Equations (8), (9), :nd (11)
are obtained using B = -3.96 (initvially). Then A and C are determined
from Equations (8) and (9), respectively.** After these calc.ulations
are made, the value of G is obtained, and its algebraic sign is noted.
The machine then steps the value of B by +0.05, repeats all of the
summations and calculations, and checks the algebraic sign of G again.
This procedure is continued until the algebraic sign of G is reversed,
signifying that a solution lies somewhere between the previous value
of B and the value of B at this cross-over point.

At this point, the program begins an iterative operation in which
at each cross-over point the incremental step is halved and the direc-
tion of advance is reversed. This iterative procedure is done as many
times as desired to give any degree of accuracy required fer B. 1In
the program, this procedure is repeated until the changes in the abso-
lute values of A, B, and C from one iteration to the next are each
equel to, or less than, 1078,

The search for roots continues to B = -0.01. After this point
is reached, the program begins another search starting at B = +0.01
and proceeding by increments of +0.05 out to +3.96. If no solutien
at all is found within these limiis, a statement to this effect is
printed, and the program continues on to the next run. Any time a
solution is found for A, B, and C, the sum of squares of Y residuals
(Q) is determined and compared with the corresponding value for the
previous solution (if there was one). The solution that gives the
lowest sum of squares of Y residuals {s stored temporarily for com-
parison with any future solution so obtained. 1In this -way, when the
search is completed and if there is a solution, that solution will
genecrally represent the lowest sum of squares of Y residuals .n the

region searched.

*

Acknowledgment is made to Mr. James Johnston (now at the Insti-
tutc for Defense Analyses) for his suggestions in the inftial program-
ming aspects of this problem.

*k
If C {5 specificd, then that vaiue 1s used instead of calculating
C from Equation (9).

i o i R R




" found in the specified range for B represents a

Any "selution
solution for which the partial derivatives of Q with respect to the
parameters are zero. The Q value for that solution is also compared
with the Q values for the end points of B to make sure that Q is not
decrea-ing to ~ome other minimum outsidc the range of B. Test cal-
culation. of ¢ as represented by Equation (10) indicate that Q in-
creasec smoothly to apparentl' constant valucs for large values of
negative or pesitive B. As of now, the author has not been able to
determine any requirements for unimodality of Q but has observed that
for data applicable to this function, Q seems to be unimodal in the

re i<, seaiched. Even if it is not, the mest mimimum c¢f those modes

will usual.y be found. As stated before, one must be aware that there
cou1d be other minima outside the range searched which cannct b. de-

rmined by tke above method. However, this may be relatively unim-
portant if the "solution™ found satisfies the analyst's criterion for
a good fit.

The above limits on B and the incremental stepping value of 0.05
were chosen on the basis of economic computer operating time and the
extent to which the szarch range should Le covered in order to lessen
the chances of missing a root. Although two roots could cer . ~ivably
be missed in the incremental ster of 0.05, indicating that the G func-
tion goes t.om, say, a positive to a negative to a positive value within
an interval of B cqual to .05, this scems rather unlikely. Such a
function would have to behave extremely erratically, and test results
seem to indicat: that this function does not gerwrally behave in this
manner .

Perhaps it should be noted that a degenerate, ov trivial, case
results {f B = 0 or 1f all Y values are constant or all X1 values are
constant. Any of these conditions causes the numerator and denominator
ot Equation (8) to be zero (an indeterminate coudition)., Of course,
this can be seen from the asymptotic-power equation iraclf. Any of

the 'bove conditions cause it to reduce to:

Y = constant.
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Appendix C

LISTING OF CURVES FORTRAN-1V
COMPUTER PROGRAM




AT

$IBFTC MAIN

M OO

o

VY

COMmMON Ay, Al, By Bly Co Cle Dy Dl AH, BH, CH,y DH, AN, ANl,
C AN2, DFl, DF2, OFT, fVALUE, CDs Cv, Ry PDEVM, SEY,
C XVe YVe YDEVSQ, EA
COMMON Ly 1DISK, [ERRy IFV, [SOLYE, {SCly N, NIV, NOTE, NP
COmMMON Hl&ye4),y, Tla), SOEVI&), ¥MEAN(4), S(30), V(201l,6]),
C POEV(200), X1L (200}, XL (200}, Xx3L(200), YL(200),
( YyC(200), YOEV(200)
COMMON [SCla), JX(6)y FMT(L18B), YITLE(LO), IND, {PAGE, IEQ.
C [ORD, NIDs NRUN
UIMENSTON I0L(201), ID2020L}, Y{201), X1(201), X21(201}, )
C X3(20i)e F(1)

EQUIVALENCE !Fil)e Aby (IDLEL) s VIlel) ¥y LI02CY), YI1e2))

¢ (Y{1)e VL)), EXLULD,y WULsod), (X201}, V{1lye5)),
C (X3I0L)y VEL6) Yy CUXTLY, JLDe (JUXi2)e J2),
¢ (IXE3)y J3), GuXit)y J&)y (IRES)y JSe 1iX(6)y J6)

MAIN RNUTENE OF SCHRVESY REGRESSION ANALYSIL L CNPUTER PROUGRAM

SET PAGE NUMBER TO t.
10 IPAGE = 1
SET RUN COUNTER TO 1.
NRUN = 1
PRINT MAIN HEACING ON FIRST PAGt.
WRITE (6, 20) IPAGE
20 FORMAT (IHL/4 45X, 43HCURVES REGRESSION ANALYSIS COKPUTER PROGRAM,
LO2TX, SHPAGE , 12 //// )
STEP PAGE NUMBER R, 1.
IPAGE « (PAGE ¢ 1
CLEAK COMMON, ,
30 U0 40 1 » 1, 2706 '
FOL) = 0.
40 CONTINUE
SET SUBNUUTINE INDICATOR TO L.

IND = )
CALL READ .
CAC INPUT :

CaLe CHECK
CHECK ERAROR DESIGNATOR.
I+ (1ERK LEQ. 1)} GU TO L10
CALL SUMS
L 0 150, 60, 10, 80, 901, 1£Q
50 CALL LINE
L0 10 100
60 LALL PARA
S0 T 100
TO (ALL POMR
GO I1¢ 100
80 LALL ASYM
GG T0 too
9C LALL EXPO
10C ¢ (JERR 4LQ. 1) GO TO 11O
CALL STAT
CAtt Qutl
CALL OUTZ
STEP RUN (OUNTER BY 1,

L St

é
i
x
:




C

L1O NRUN s NRUN + |
RESET PAGE NUMBER TO |
[PAGE = 1
GO 10 30
END




$1BFTC

e NuNaleNel

L
¢

C

C

C

¢

i0
C
20

30

40

50

59
61

65

10
80

-~

{

[¢

READ

SUBROUT INE READ

COMMON Ay Al, 84 BL, C, C'y D, D1, &H, BM, Cr, DH, AN, ANI,
AN2., OFL, DFZ, DFT, FYALUE, CO. CVe Ry PDEVM, 5. ,
XVe YV, YDEVSG, LA

LONMON TAe IDISK, TERR¢ IFVY, ISOLVE, ISCly Ny NiV, NOTE, NP

CUMPON H{4,4), T{4}, SOEViISG), VMFAN(&), S{30), V(201,6),
PDEVE2000, X1L{200), X2L(2UL0}, X3L 1200}, YL(200),

YC¢€200). YDEVL200)}

COuMON 1SC{&): JX(6Dy FMTL1IBY, TITLE{LlS)s IND, IPAGE, I1EQ.
F0R0, NIDe NRUM

DIMENSION 1011201, ID2vcO1),y Y{2013, X1{201}, X2(201)},
X3(201), F(1)

DIRENSION KX{5), KV{§)

EQUIVALENCE (F{L1), Ade (IDL1E13ys VILeL))y CiD2(1), VI1e2)),
(Y@1), Y6l e3))e AX1(1)e VILly6d), (X2(1)e V(1s5}),
(X3{1)e VL1061 LUX(LYs LYy (UX(2)e J2)¢
(AX(3), J3F, (IXU{4) s J&)y LIXUS),y JS)e (dK{6}, JoI

CATA Kv{i}y KVEiZ), KV{3), K¥{&}, KVI5), KVI6) /
ZHID, 2HYl, 2MX1lys 2HX2, 2HX3¢ 2H /

SUBROUTINE FOR READING TITLE CARD, ORDER CARDe AND VARIABLE-FORMAT
CARD

READ TITLE CARD.

READ (5, 20) I¢#MT, JDISK, YEQl, IORDLl, ISCl, Ia,
(TITLELLY, & = L, 16)

FORMAT (611, 2%, 16A4)

CHECK TITLE CARD FOR TERMINATIOM DESIGNATOR ([fFRY = o)
IF {(IFMTY €0, S) CALL EXIT

'F (IEQL GF. 1) 1EQ = TEQ!L

If (I0&D1 .GV« 0) IORD =1 - {([.R301/2)

PRINY TITLE AND PAGE NUMBER ON FIRST PAGE

iF (NPUM G, 1) GO TOD S5

WRITE (6, 50) STITLE(L)s ¥ = 1, 16}

FORMAT (IH / L1CK, 16A% /// )

GO 1O 65

WRITE (6¢ 60) (TIVIELLY), 1 = 1, L&), IPAGE

FORMAT (iHL/ 10X, l16A&, 4lX, SHPAGE , 2 777 )

STEP PAGE NUMBER BY 1.

IPAGE = [PAGE + |

PRINT SUBHEADING.

CALL PRINY

TESY WHETHER TITLE CARD FOR FIRST RUN CONTAINS THE VARIABLE-FORMAY
INDICAVYOR IN COLUMN 1.

IF (NRUN .GT. 1) GO 10 90

18 (IFMY .GT. 0) GO TO 100

wR{TE ERROUR MESSAGE.

WRETE (6, 80)

FORAAT {1HO//, 10X, {1BHTHE VARIABLE-FORMAT INODICAYOR HAS NOT BEEN

. ENTERED IN COLUMN | OF YHE FIRST TITLE CARD. THIS JOB HAS BEEN T

ERMINATED.)

CALL EX)T

TEST WHETHER QRDER CARD AND FORMAY CARD ARE 'O BE READ FOR THIS
RUN.

IF (IFMT .EQ. O) GO TO 170




c REA™ JRODE2 [ARU, WL
100 READ {3, 1.:0) (rX{l)y, ! = Ly 5), NIDi .
110 FORMAT (S51Az, IX:( liv i

IF (8ID1 «GT. ©) NID = NIDI1
I =1
JUAX = |
DO 1%0 K = 1, S
DD 120 J = 1, &
IF (KEX(K}] +EQ. KV{J)} 30 7O .30
120 CONVINUE
o KRITE ERROR MESSAGE.
KRIVE {6, 125}
125 FORMAT (L1HO// 1OX, IBHTHERE 1S AM ERRDOR IN THE VARIABLE-FORMAT
C INDEX (SECOND [NPUT CARD). THIS JOB HAS BEEN TERMINATED. )
CALL EXIT
130 iF (J .NE. L) GO VO L&V
JXEEY =}
JXigel) = 2
| = 1 ¢ 2
GO TO 143
140 JX{1) = 3 + |}
I =1 ¢ 1
165 IF (J .EQ. &) GO VO 1850
IF (JRAX .LT. J) Jmax = J
150 CONV IMUE
o READ FORMAT CARD
READ (%, 1e) (FMYE(I), I = 1, 18) e
160 FORMAT (18As) SERE

C NUMBER OF INDEPENDENT VARIABLES
170 NIV = JNAX - 2
€ MUMBER OF PARAMETERS TD BE SOLVED (NP)

NP = NIV ¢ | - §A
IF (1EQ .EQ. 2 .DR. 1EQ .EQs &) NP = KO o 1}
IF (IA .5Q. O .AND. ISC1 .EQ. O) RETUAN
c READ $CALE FALTOKS AND/DR VALUE OF Y LNTERCEPT.

IF (JEQ .NE. &) READ (S, 180) (ISC(ide ! = Ly &), A
IF (IEQ -EQ. &) READ (S, 100) (1SCUI)e § = 1, &)o C

160 FOKRZT {(4]2, 2%, F10.0) b )
RETURN o
END R




$1HFTL PaINT
SUBRGUT{ME PRINT

LOoRY ON Ay, Al,y By Bls Co o » Do {1y AH, B4, “"H, DH, AN, AN},
f ANZy NEL, PF2, CFT. #vattik, (Do Cv,; Re 2NEVM, SEV,
YVe YY¥, YOLYSWds EA

CUOMMON IAs IDESX, IERR, [FV, ISOLVE, 1SCIls My NIV, NOTE, NP
{ONMON Hld,4) Tl4), SDEV{4), VYMEAN(A},y 38305, Vi201L+6).,
C PDEVI200N, X1L(200), X2L(200), X3L(200), YL{Z20CV.

C YC{200), YDEV(200)

COMMON ISCl4Yy JX(6), FMT{LB), TITLE(L1G6), IND, [PAGE, [EQ,
C [OR0Oy NIDs NRUN

DIMENSION ID1i201) s 1D2(201)y Y(201), Xi(.71), X2(20%},

C X3{2011, Fl1)

EQUIVALENCE (Ft1L), M)y (ID101}, VL 12), CEOT{L)y Viie2))e

C (YLR)o VIL.39), (XE4L), VELe4ed ),y (X2(1)y V'1e5) ),
C (X301)y VIELe6)dy LIXELY, JiYy (SXE2), J2),
{ (IR0} U3}y LUX(G)s J4a)e TIXES)s JS), (JUXIG}e J6)
C
C SUBPOUTINE FOR PRINTING SUBHEADINGS
¢
1¢ GO V€ (20, 40, 60, 80, 100}, [EQ
20 WRITE (6, 30)
30 FORMAT {IHC/. 36X, 5IHL INEAR REGRESSION ~-- ¥ = A 4 (B * X1} + (( ¢
C X2) ¢« (D * x3) /)
REYURN
40 WRITE (64 S0}
S0 FORMAT (1HQ/s, 39X, S2HPARABOLEC REGRESSION —~ 7 = A ¢ [R *= X) ¢+
C (C & xX322) /)
RETURK
60 wWRITE (6, 10)
70 FORMATY (LHO/ 37Xy 55HPOWER REGRESSION =- ¥ = A ¢ {X1s*B} & (X2¢&()
(% (X3#e0) / }
RETLN
80 WRITE (&, 9Q)
90 FORMAT (IHO/, 39X, SIHASYMPTOTIC-PONER KREGRESSION —-- Y = (A #
{ {XeeB)) ¢ ( / }
RE TURN
Y00 wRITE (6, 110)
11C FORMAT (1HO/, 40X, 4QO6HEXPONENTIAL REGRESSION -~ Y = EXP(A ¢
¢ {B = X1 7 )
RE TURN
¢ND
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INPUT
SUBRQUTINE INPYT
TGMRRTY Ay ALy By By Ly Cl, Oy D1, &AM, BH. CH, DM, AN, AN],
ANZ2, DFl, OF2, OFT, FVALUE, CD, CV, R, PDEVM, SEY,
XV, YV, YDEVSQ, FA
COMMON TA, \DISK, [ERR, IFV¥: ISOLVE, ISCly Ne NIV, MOVr, NP
COMMON Hiay4), Tl4), SDEV(4), VMEAN(4}, S(30) V{201,6),

POEV{200), X1L(200), R2L (200}, X3L(200), YL{200),
Yyi(200), YDEV{200)

COMMON I1SCt4), JX(6), FMY(1B), TIiLEIL6)s IND, IPAGE, 1EQ,
IO0RDs NIDy NRUN

OUMENSION ID11201), 102(201), VvI201), X1(201), X2(201),
X3{20L3, F(1)

DIMENS ION YOATAL20)

EQUIVALENCE (Fiijy A)y (IDLULy VILeld)e (1D2(1)y Vile2))o
(Y1) VUL e3)dy (XTP4L)e VIite4)ie (X2010e VILsS))o
(X301)e VEL46) Yy CUXTY)y Jh2y (JXE2)y J2),
(UX(3)y 33)y (4X{&), J&}, (JX{53, J51y 1IXK(E), J6)

DATA BLANK, [BLANK/4H v M /

SUBROUTINE FOR REAUING IN DATA AND WRITING DATA ONTO UTELITY DISK

IF (I1DISK .EQ. 0) GO TO 69

REWIND 4

SET INPUT TAPE NUMBER

IM = 4

IF {IDISK .EQ. 2) GO 'O 70

o0 s0 1 = 1, 201

READ INPUT DATA A4S ALPHANUMERIC DATA
READ (5, <O) (VYDATA(J)y J = 1, 20
FORMAT (20A%)

WRITE INPUT DATA ONTO UTILITY DISKe.
WRITE (4, 20) {VDATA(JD), J = |, 20}
CHECK FOR BLANK CARD.

DO 30 K = 1, 20

IF (VODATA{K) .NE. BLANK) GO TO S0

CONTIMUE

REWEND 4

G0 T0 70

CONTINUE

VEWIND 4

G0 10 10

SET INPUT TAPE NUMBER,

ik = 5

RERD INPUT OATA FROM EITHER CARDS (IDISK = 0) OR FROM UTILITY
015K (IDISK = 1),

IREAD = O

DO 80 1 = 1, &

IF (JX(1) .EQ. 1) 1 “AD = 1

CONT INUE

SET IDENTIFIERS TO BLANK

e B85 1 = 1, 200

IC10I) = IBLANK

I0201) = IBLANK

CONT INUE

IF (17TAD JEQ. 1) GO 10 90




G0 10 1100, 1306, 160), NIV
90 IF (MID .EG. 1) GO Y10 280
GO YO (190s 22G, 250}, NIV
100 00 120 1 = 1, 201
110 READ (EM, FMT) viie21), VII,J2}
IF (ABS{Y{I)) ¢ ABS{X1(1l)) .£G. O0.) GO TO 580
IF (Y{1) .EQ. 0. OR., X1{1) .EQ. 0.) GO YO 110
120 CONTINUE
GO 10 590
130 00 i5¢ | = 1, 201
140 READ (1M, FMT) V{1,013, VII,323, VI1,23)
IF (ABSU{Y(1)) + ABSI(XL{I)) o ABS{X2(1}) .EGQG. O.) GO VO 580
EF {Y{]) EQ. O. OR. X1(}]) .EQ. O. JOR. X2(1) .EQ. 0.} GO TO 140
150 CONTINUE
O 1O 590
160 DO 180 ¢ = i, 201
170 READ (IM, FMT) vi{l,J1)y VID,d2), V(I4d3)s VII,J6}
IF (ABS{Y(L}) ¢ ABS({XL(1)) + ABS(X2{1}) + ABS(X3{1)) .EQ. 0.)
C GO 1O 580
C X3{1} FO U.) GO TG 170
180 LONTINUE
GO Y0 590
i90 00O 210 I = i, 201
200 READ (IM, FMY) VIIgJlde VII432)s V(1sd3)y Viieda)
iF (ABS(Y{I)) + ABSIXI(])}) .EQ. 0. GO YO %580
[F (yil) .EQ. O. +ORe X111} .EQ. 0.) GO 7O 200
21C CONTINUE
60 10 590
220 V0 240 1 = 1, 201
23C READ (1M, FMT) VIiledl)y Viled2)s VEIJ3)y V(IeJ4)
IF (ABSI{Y(I)) & ABSU{X1(1}) ¢ ABS(X2(I)) .£EQ. O.) GO VO 580
1F (Y(]) .EQ. O. -OR., X1{(() .EQ. 0. .OR. X2(l} .EQ. 0.) GO TO 230
S80 CONTINRUL
GG 10 590
250 Q210 1 = 1, 201
260 READ UIM, FMT) Viledl)y VIIoJ2)y VUI4J3)y VILeJdA)e VI I5),VIIeJ6)
IF (ABSUYLLY) ¢ ABSUXLQE)) ¢ ABS(X2(()) ¢ ABS{XI(I}) .€EQ. O.)
¢ GO 10 %580
It (Y1) otQs O, OR. X1C[) .EQ. 0. .DR. X2(1) .EQ. O. .OR,
¢ xMI1) .tQ. 0.) GO 10 260
270 CONTINUE
280 D0 290 Kk = 14 S
IF (JX(K) .EQ. 1} GO TO 300
290 CONT INUE
GO 10 610
300 GO YO (310, 380, 470}, NiV
31O GO 'Q (320, 340, 360), K
320 VO 330 I = 1, 201
325 READ (IM, FMT) V{ledlde Viledd)s V(IvJS)
[F (ABSIYLL)) ¢ ABS(XI(I)) .EQ. C.) GO YO 550
l'l’ i\’&!) .EQO 0. oORo ll(l, .EH- 00' GO '0 125
330 CONTINUE
0 10 %20
340 DO 3%C 1 = 1, 201
JaS5 READ (IM, FMT) VI, J1)e V(I,J2), Y(I,J&)




15 (ABSIYILYY & ARSIXMUTD) .t Q. 0.3 GO TO 580
IF (Y(1) FQ. 0. 0OR. X1(I) .EQ. 0.} GO TQ 145
350 (ONT NUE
G0 70 590
360 DO 3T0 1 = 14 201
365 READ {IMe FMY) VII,Jd1), Y11,32), YIIsJ3)
IF (ABSIY(L)) + ABS(XI(1)) .EQ. 0.) GO TO 580
IF (Y(l) Q. 0. ~OR, X1{1} .EQ. O.) GO VO 365
370 CONTINUE
GO 1O 590
380 GO TO {390, 410, 430, 450), K
390 DO 400 § = 1, 201
395 READ (1M, FAT) VileJdl)y VII,J3}, VII,J%), VIIi,35)
IF (ABSIY(L!)}! + ABS{XI(I})) + ABSI(X2({1)) .EQ. O0.) GO YO %80
IF §VY4{1)} LEQe 0. OR. X1f1} .EQ. O, .OR. X2{1} .EQ. O., LU TO 395
€00 CONTINUE
GO T0 390
410 00 420 1 = 1, 201
415 READ (EmM, FMT) VIIedld)e VI1ed2)e VIIeusd)s VII.JS5)
IF (ABSIYE1)) ¢ ABS{XIt1)} « ABS(X211)) .EQ. 0.) GO 70 580
IF {Y{]) .EQ. 0. OR. X1{!) .EQ. 0o GR. X2{1l) .EQ. 0.) GO TO »15
420 CONTINUE
60 VO 590
430 DO 440 | = &, 201
435 READ (IM, FHAY) VIilaJl)y vI(I1,4J2%9 VIIeJI3)y VIIJd%
IF (ABSEVLL)) o ABS(XI(I)) + ABS(X2(I}) .EQ. 0.} GO YO S80
iF tvil) +JEQ. 0. LOR. XI(I) .EQ. 0. .OR. X2(1}) .EQ. Ta) GO TC +35
©«40 CONTINUE
G0 T0 S90
£ 00 460 & = 1, ¢vi
S READ (iM, FHMT) V{1,J1)y Vi1 ,J2)s VY(1,03), VII,J428}
IF (ABSIYULL)) ¢ ABSIXIC(I)) + ABS(X2{I)) .EQ. 0.) GO TO %80
IF vY(I) JEQ. O. DR, ni(]) .EQ. O. OR., X2(1) .EQ. Ood SO YO 455
460 CONTINUE
GO 10 590
470 Gu YO (480, 500, 520, 540, S&0), X
480 D0 490 | = 1, 201
485 REAU ¢IM, FMT) V(T 21)r VUE,030, VIIeJa)s ViledS)e VIIeJG)
IF (ABSI{Y(L)) & ABSIXLI4I)) + ABS({X2(1)) + ABSI(X3(!1)) .£Q. 0.)
C 60 T0 580
IF (Y(l) JFQ. 0. JOR. X1{(I) .EQ. 0. .OR. X2¢(1} .EQ. O. .OR.
C X3(1) .£Q. 0.) GO 70O 485
490 CONTINUE
G0 10 %90
$00 00 %510 | = 1, 201
505 READ (1M, FMT) V(I,00l)e VII,32)y VIE,360), VIIeJIS), ViieJde)
IF (ABSIY{T)) o ABS(XL(I)) + ABS{X2(!)) + ABS(X3(I)) .EQ. O.)
C GO Y0 580
IF (vtl) .EQ. O. .OR. X1({Il) .EQ. 0. .OR. X2(I) .EQ. O. .OR.
C X3(1) .£Q. 0.) GO YO 5058
510 CONYiINUE
GO 10 %90
§20 00 5% | = |, 201
525 READ [ IMe FMT) VII,dl)e VIIeJd2)y VI19Jd3V, V(1 JS), VIIedt&)
IF CABS(Y(1)) « ABSI{XI{LI)Y) + ABS(X2(1)) + ABS(X3¥I(I)) .EQ. O.)
C GO 10 S80




ROy ey g, 0. 7 L O I N D ST I ALY JbTe L. W0
X30,) J64e 0O0) L1 9’%
930 LONTINUE
LY 10 s9n
540 DO OSSO 1 =2 i, 2ot
5% READ {IM, FMT) VileJld, VIi,J2), VETod3Yy Vilydu), Vil,Jb)
IF CABSIYUI)) ¢ ABSUXICI)) ABSIX2(1)) + ABSIX3I(I)) .EQ. Fe )
€ GO 10 s8¢0
IF (Y(1)Y LEQ. O. «QR, X1{1) .Eq. 0. .0R. X211) .£Q. 0. .DR.
C X3(1) ,6Q. U.) GC TO 545
550 CONYINUE
GO 10 590
560 N 570 1 = )1, 201
569 REAL {[M, FMT) VITed1)y VIL,42), VIEad3). VILgdely VI1,45)
[F TRABSIYOLY) « ABS(XILL)) » ABSIX200}) + ABSUX3{I): «EQ. 0.}
C 60O 10 KO
I (Y11) J€Ga 0. LOR, X1(1) .€Q. 0. ,0OR, XZ211Y JEG. 0. .0R.
X3(1) .tQe 0.) GD TO S65
STO CONTINUE
60 710 5%0
DBC LF (IDISX .NE. O) REWIND 6
SET N EQUAL TO NUMKER OF DA™ PriINTS,
N = | ~ |
FLOAT N,
AN = N
NUMBER (OF DATA POINTS LESS !
ANL = AN -~ |.0
NUMBER OF DATA PNINTS LE5S 2
AN?2 = AN - 2.0
RET M

560 wRITE (&, 600)

600 FORMAT {1HOZ/ 1oy, JOEHUNUMBER TF INPUT DATA POINTS mAS EX(ERDED
C MAXIMUM ALLCWALLE (:00). THIS JOR HAS BEEN TERMINATED, )

Catl Exi

610 WRITE (6, 620)

620 FORMAY (. MGr/ i0x, LLINTHERE §S AN ERROR ASSOCTATED w1tH ThE
O HUENTIFIER-FORMAT OESIGNATOR (ORQOER CARD) ., THIS 408 HAS BEEN TLR
CMINATED,)

CALL EYIT
t N

—
{
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CLEROLTINE CHECH

RS A A. AL, 8, Bly, Cy Ciy O: Ol Amy BH, CH, DH, AN, ANI,
ANZy DFL, CF2, DFT, FVAaLUE Liie Uve R, POFYM, SE Y,
Av, TV, YDEVS{, EA

LUMMON Ay IDISK, [ERR, [etV, ISOLVE, {SCis Ny N[V, NOTE. NP

CNMMEN Hi&o,4)y Tl4, SDEVIG;, VMEAN({&)}, S130), VI201,46)
PLEVI20C), xiL (2001, X2LL200}Y, XL {200}, YL{200),
YC{2CC)e YDEV(Z0D)

LOMMEON ISCL&), JUXt6), FMTLiB), VITLE(LG6), IND, IPAGE, [EOQ,
ICRD, NIO, NRUN

LIMENSICN [01L(201) . 1052€201), Y(201)e X1L201)y X2(201)
X3t2Clie FI1)

CIMENSION RSC(4)

EGUIVALENCE  (FILl), &), (IDV{1), VIL,1)), UID2:iYy VI1,20),
{Yii)e VELO3Y )y IXEL1)y VILe&)), (X2{1)y VILeS) D
(X301 vileb) )y TYXULYe JU)e (UdXU2)e J2)«
(ax {3}, J3)y (uX{&), Ja), (JX{5), JdS5ie (JX(6), Jb)

SUBROULTINE FUOR (HECKFING DATA FCR ERACRS AND SCALING DATA

CALCULATE SCALE FACTCRS.

O 201 = 1, 4

RSCH(I) = 1.0

LEOLISCHUL)Y oNE. Q) RSCUDY = 1O 0*e{ISCIT))
CONTINUE

GO TC (40, 60, HOY ¢ NIV

co sC I = 1, N

[F (Y(I) +iF. 0. sUR. X101} JLE. Ca) 70 TO 170
LO 4% J = 3, 6

vited) = Vel u) % RSL(S-2)

CONT INUE

CCNTINUE

60 1C 12¢

g 161 = 1, N

VEoivtly JLE. C. JURD XL e o, EL 2ol Wikl 0.) LU T LA

e 65 J = 2, b

VB, J) = v, 00 ¢ rRSCUa=-2)

COMT ENUF

LONT INUL

G 18 1¢o

L 9C I o= 1, A

iF oYl Jit. Q. .
AICE) Lke G.) GG

v 8BS 4 o« 3, 6
Vil.d) = viled) % 2501 13-2)

CONTINUL

CONTINLE

PF LISCHET oNEe 0) wITE (A, 13503 RSO(L)
PR LISCUZ2Y anE ) =D TE (8, 160 RSLIL)
PF 0TSty o8BS O wmKITE {8, L8C) &50(1))
TFLIS{T2) oaF. ) wRITF (& 160)) RS {e]

TR XL Lbe L L0RL XSUTY Jb. 0. JDIRG
, .

FORMAT fin , AU, iy SOALE FA(TER y EHLL )
CERMAT {{k , GX, 20MKE ST MLE FADIDR v ERLT Y
FUORMATY Uik o 99X, 200X SNUALE FALICH s FE_L )
FUORMAT DM o, QX 20X Y ST AR FACTIN N S




RETURN
ERRQOR MESSAGE
170 WRITE (6, 18C) I

18C FORMAT (1N0// 10X, BLHA ZERC OR NEGATIVE VALUE EXISTS M THE INPUT

C OATA (FC” EXAMPLE, OATA CARL NUMBER 4 13,33K). THIS RUN HAS HEELN
( VTERMINATED. )

[ERR = |
RE TURN

END
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CUMS

SUBROUT[NE SUMS

COMMON A, Al, B, Bl, Cy Cl, D+ DL, AH, BH, CH, DHe AN, ANl,
AN2, DFLl, CF2y DFT, FYALUE, CD, CV, Ry PDEVM, SEY,
XVe YY, YDEVSQ, EA

COmMON IA, IDISK, IERR, [FV, ISOLVE, ISCL, M- NIV, NOTE, NP

COmMMON Hld.4), Tl4}, SDEVI4), VMEAN{&), S130}, VI201.61,
POEVI(2C0)y XIL{20U), X2 1200), X3IL(20CG), YL{Z200},
YCi20C), YPEV(200])

COMMON ISCla), UX(6),y FMTLLID), TITLE(L6)- IND. [7AGE, [EQ,
[ORDs NIDy NRUN

UIMENSION ivivebule 1D2(201Y, Y(201), X1{201). Xx2{201},
x3t201)e FL1)

EQUIVALENCE  {F(LM, N}, (IDLEL)y VL, L)), (UD201)y VL4 2))
(YEL), vilo¥) )y (Xx1ibdy VULea))y (X201)s VIL1,5) ),
ITR3T1Y, YU La6) )y HUXIL)y JLd,y CURE2Y, J2),
(J03), JV), (axie), J&)y (JIXUD)e JS)e (JXU6). Jb)

SUBROUTINE FOR CROERING OATA AND
STANDARD DEVIATICNS CF INPUT

[F (10R0 «FQ. O} GC TO %0

CRDER] THE DATA FROM LCwW TC HIGH VALUES

NK = N~}
00 40 1 =
IN = T ¢ |
0 Y0 J =
IF tY(1) +LE. Y(J)) GO TC 30
0 20Kk = |, &
TERD =» VY{I.K)
vii.K) = Vi},x}
VIiJ.K} = TENKP
CONTINUE
CONTINUE
{ONTINUE
OBTAIN VARIOUS SUMS CF
PO ¢ 01 = 1s N
YL{T) = ALOGIY(]))
X1LtE) = ALOGIXL(E))
A18Q = x1{l) & xtil}
Sty = S(1}) Y}
St2) s{a) xi(1}
Si3) S{3) X2t1)
St &) S(4) X3
Sty SE%5) X1S¢C
S(e} Ste) (xiil)
St St71) (xtit)
Si8) Sis) (X2t )
S5(9) Sted +» (X2(1)
S110) = SE10) o
SEIL) = S(11)
S(LH2) = StHE2) ¢
SE1YY =« 51 3)
Q

1y NK

INy N

X201y
xX3(1))
Xx241)}
Xy
(x3(1) o x3([)}
(xrer) ¢ vy(ry)
tx2et) s vt i)
(x3(t) ¢« ¥Y([))
G0 IN &0

yriel)

Xiroeiid

" & u & & 4 @8
LR I B R
. o o e

+
[F (LEQ .EQ. 1)
SULA) Stlae) o
SEES)Y s SEL1s) ¢

CATAINING VARICUS SUMS AND

CATA

G* y.

INPUT DOATA,




&C
C
M
R
qC
13¢

SU16) = SUL&) + Exitl) * YLil))

SULTY = SEE7) + €XILED) * XIL(i))

IF {IEQ .NE. 2) GC YO 5C

SUE8) = Si18) « (XISU *® Xi{Q))

SLE9Y = S{1S) 4 {XiSu # ¥X133)

SU2C) = SE201 + (X1SQ ¢ Y43 1)) i
CONT INUE iy
CALCULATE MEANS CF INPUT CATA,
LGTC T < L, 4 ; .
VMEANTT) = SET)/AN ' '
CONT [NUE

CALCULATE SUMS CF THr IRCLE UATA ABCUT THEIR MEANS.

£ %0 K s 1, 4

00 8C 1 = Ly N

TUK420) = SUK427) ¢ ((VE],K42) ~ VMEAN{K))®®2}

CONTINGE

CONT INUE

CALCULATE STANDARD DEVIATIONS OF INPUT DATA.

60 100 Kk = 1, 4

SDEVIK) = SQRTCSIRI20I/ANL} ;
CONT IMUt

RE TURN

eND




$IBFTC LINE
SUBROUTINE LINE

aNeaNeNaNaKeaRealelel

(@]

1C

r
-

C

v
c

C
C
C
C

C

COMMON

L CHMMON
CORKDN

COMuON

ODIMENSION

EQUIVALENCE

Ay Al, B, Bly, Cy, Cly Dy vlys AH, BH. CH, DK, AN, AaN],
AN2, DFY, DOF2+ DFT, FVALUE, CD,y CVe R, PDEVM, SEY,
XV, YV, YDIVSQ, EA

IA, IDISX. [ERZ. IFV, ISOLVE, [SCl, Ny NiV, NOTE, NP
Hl{ted)y T8 ), SDEV(4})y VYMEANI&;, S{30), V. 2Cil:6}),
POEV{2G0je XIL(200), X2L(2C0O}, X3L(200), YL{2D0},
YyCi2gcc), YDEVi200) :

ISCI&), JX{8)y FMTiiu)y TITLE(LG)., (KD, [PAGE, IEQ,
I0RD,y MNIC, NRUHN

I0E{201)y 102€(201). Y{201), X1(R20100 X2(201),
X3i20Q'), F(1}

(Fil), A}y {10101}y VIilsl))e (ID2¢1)s ¥WI1s2)1),
EYEL), VL300, OXTULY, Viledd), (X201): Yiic5Y),
EX301e VIEe6))e (IXTL) e Jlhy (2%UZ)y J2)

(SX{3)s I3} (UX{SY. 146}, (JX{5)y IS}y {snsuse 40O}

SUBROUTINE FOR DETERKIMING LEAST-SQUARES SCLUTIONS OF PARAKMETERS
FOR LINEAR EQUATIONS OF FORM

Y = & ¢ [Bex]) ¢ [C*X2) ¢ (D*X3},

WHERE A MAY BE SPECIFIED

DETERMINE VALUES FOR CLEFFICIENTS CF LINEAR EQUATIONS TO BE
SOLvED.
«EQc 1)} GO TC 20

IF (1A
H{ls1}
Hil,2)
H{1,3)}
Hll,%)
H{2,27
H124¢3)
Hi2ok)
H{3.3;
Hi3,4)
Hid.4)
H{2,1)
H(3.1)
HEY,2)
H{&,1)
Hi&o2)
Hi&,3)
(1) =
T{2) =
T{3) =
T(4) =

= AN

{2}
543}
St145
3{5)
Sté)
St
$(8)
${9)

u

H{l,
Hil,
H{Z,
Mil,
M2,
= H(],
sil)

St1t)
S{12)

${13)

# WM oE H WO N W R ¥R M

Stt0)

2)
3)
3)
4)
&)
4)

SOLVE FOR PARAMFTERS.
CALL SOLVE
IF (1ERR .EQ.

A = AH
8 = B8H
L = CH
U = OH
60 10

30

1) RETURN
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20 HE1,1) = §(5)
H{l+2) = S(6)
Hl1:3) = 8¢
HEZ 1) = KWL, 2)
H{2,20 = 5(8)
H{2,3) = St9)
HE3,13 = H{l,23)
H{3,2) =~ %E2,3)

H(3,3) = $1L10)
TEl1) = S{11) - A & Sd42))
TE2S = S(12) - §A % S{3)}
T43) = S(13) ~ (A & 70¢y)
C SOLV. FOR PARANMETERS.
CALL SOLVE
IF {IERR LEQ. 1) REIURN
8 aa AN
C = BH
0 = CH
C COMPUTED YALUES OF Y AND Y RESIDUALS
30 CC 40 1 = 1,4 N
YCLIE = A ¢ (B * XI(])) & {C & X20(0)) ¢ (D = X3{(1))
YOEV(I) = ¥Y{(I) ~ ¥YC(1)
4 COMTINUE
REVURN
END




$IBFTC PARA :
SUSROUTINE PARA :

COMMEON A, Al, B, Bly C, Cly Do DLy AH, BH, CH, DH, AN, ANI, ’
C AN2, OFl, DF2, DFY, FVALUE, CD, CV, R, PDEVM. SEY,
C X¥y YVy YDEVSG, EA

COMMON fA, IDISK, IERR, IFVy ISOLVE, ISCls N, NIV, NOTE, NP
COMMON Hidoed)y T{G)e SDEVI&), VMEANI&), S(30}, Y(20Le6),

C PDEV{200), X1L{2"C), X2L(200), X3L{200}, YL{200),
C YG{200}), YDEV{200)

COMMON 1SC{a), JIX(6), FMY{iB), VITLE(16),» IND, (PAGE, (EQ.
C 10RDy MID, NRUN

DIMENSION IDL{20QL}, 102(201), Y(201), XL{201), X2{201),
C X3{201), FI1)

EQUIVALENCE (F{1}, 2}, (IDL{L)s VELlo1))e (ED28L}s Yiie2)),

C (YUlde VI163)),y IX11L2),y VIidedldy (X2€1)y V(L,50),

C (X3€1)s VOle6)iy (SX\ 1) JL}y (URU2F, J27

C {3X133, J3)y LUXULaG), J8)e LIXISHe J5)s (IXN(B)e J8)

SUBROUTINE FOR DETERMINING LEAST-SQUARES SOLUTIONS OF PARAMETERS
FOR PARABOLIC EQUATIOHS COF FORM

Y 2 A ¢+ (BeX) ¢ (C5{X$82)),

WHERE A MAY BE SPECIFIED

CYOYOYOYOO O OO

fv IF (1A LEQ¢ 1) GO TO 29
Hi{1,1) AN
Hi{l,2} $62)
Hil,3) StS)
H{2,1) H{l,2)
H{Z2+,29 $45)
Hi2,3) S{18)
H{3,1) Hil:3)
HE3,2) H(2,3)
H{3,3) = S(19)
Ti1) = S{1)
T€2) = 5011}
Ti3) = S{20)

C SOLVE FOR PARAMETERS.

CALL S0LvE
IF (JERR LEQ. 1} RETURN
A s AH
B = BN
C = M
GO0 10 30

20 Hi{lk41l) = SU5)
Hil,2) 3(i8)
Hi2410 = Hily2)
Hi2.2) Si(19)
TEL) = S{11) -~ (A * S{2))
1{2} = S{20) ~ (A & S(%})

C SOLVE FOH PARAMETERS.

CaLl SsoLve
IF (SERR .EQ. L) REYURN
B t' ] & H
C » BM

W oW KN n N

N

. st e ot v an i
1™ kb 1.
e e e e L PRI e SN ) e d
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4
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CORMPUTLD VALULS OF v AND Y RESIDUALS
UG‘OOl:llN

YOUi) = A ¢ (8 » XECi)3 & (C » (x1{]) » Klild}y
YOEVEL) - Yil) - vCi1)

CuNTINUE

LALCULATF CUORDINATES OF VERTEX POINT

XV = <B/12.0 % ()

YV = & + (B * XV) ¢ (C » KY ¢ Xy}

Kt TURN

END
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$IRFTFL FPOWR
SUBROUTINE POWR

COMHTN Ay Aly ®, Biy Cy Cly Dy DL, AH, BH, CH, DH, AN, ANI,
L ANZ, OFl, DF2, DFT, FVALUE, CD, CVs Ry PDEVM, SEY,

( XVe Y¥, YDEVWSQ, EA

LOmMMON ITA, IDISK, IFRR, [FV, ISOLVE, ISCly Ny NI¥, NOTE, NP
LOMMON Hi4,b6), Tih), SDEY{&), VMEAN(&), S{30), Y{20Ly06),

- POEVI200), X1L{200), X2L{200}, XIL{(200}, YL(200},

C YC(200), YDEV(200)

CORMON ISCle), JX16), FMT(XB), TETLEILS), IND, IPAGE, IEQ,
€ IORGy NIDy NRUN

DEMENSEON IDLI20)), ID2{2013}, YE201), X1(201), X2(201),
L X3(201}, F(1)

EQUEVALEMCE  (F1)s A), (IDMUR), VIL,1D2), (ID2(1)y VIil,y2)),

e {Y(1)e VIle3))y I{X1U1lig VILe4dloe (X218} YileS)},
C EX3010, 4CL106) )y (IXEL)y Jliy (JUXKE2)y J2)
C (IXE3)e J3), (UXIG) i)y (JXISY, IS5}y (IX{6), J6)
C
C SURRDUTINE FOR DETERMINING LEAST-SQUARES SOLUTIONS OF PARRMETERS
C FOR PO¥ER FQUATIONS OF FORM
C
¢ Y = A ¢ {Xi®eB) & (X2%3()} * (X3%%])
C
C SEY SUBROUTINE INDICATOR YO 2.
10 §IND = 2
DO 23 1 = le N
C SET ALL VALUES OF EI!THER THIRD {X3) OR SECOND AND THIRD (X2, X3}
C INDEPENDENT VARIABLES TO 1 IFf NOT BEING LONSIDERED FOR THIS RUN,
PF O EMIY LY. 3) X3(1) = 1.0
[F (NJV LT, 2) X2(1) = 1,0
2001 = ALOGIX2(1))
X3L10) = ALOGUX3(T))
Hil,2) = Hile2) & XILI{T)
HE1ed) = MU1,3) & X2LI(1)
Hlletd = HILy4) & X3L(T)
Hi2e2) = HE2o2) ¢ (XLILEI) * XIL{L))
H{2e37 = HU293) & (XLLEI) ¢ X2LI1I))
HIZek} = Bl2.%) « (XILUI) & XILIL)?
HI3:3) = H{3,3) ¢ (X2L (1) & xeL(l))
Hid %) = H{3,4) ¢ (X2045) * X3LIL))
H{fe4) = H{&o&) ¢ (XILIT) & XILIIL))
T(2) = T2y & (XIL(Q) * yYL(]))
FO3) = T{3) & {X2L01) = YLD
flei = V(&) « (X3LL1) = YL(I))
20 (ONMYINUE
Hllel) = AR
HE2el} = HE1,.2)
MEIL L) = HELL )
Hl342) = #12,3)
Hidel) = HIX, 4]
Hlb4e2) = HEZyH]
H{4y3) = M3, 4}
T(LY = S{ia:
C FIRST, GIYERMINE LEAST-SQUARES SOL_TIONS OF PARAMTERS Al, BL, Cl,
¢ Dl FOR LOGARIVHMIC FORM




~&£6-

LNTY)

= LN{AL) + (Bl * LN(X:Y) ¢ §C) #* LN{X2)} ¢+ (D1 % LN(X3)}

CALL SOLVE
IF (IERR LEQ. 1) RETURN
{F (AH .GT. 88,) GO 7O 30
Al = EXP(AK)
81 = BH
€l = CH
N1 = DH
DEVERMINE (EAST-SQUARES SOLUTIONS OF PARSMETERS 4, B, Cs D
FOR EXPONENTIAL FORM,
CALL ITER :
KETURN :
s wRITE ERROR MESSAGE. i
30 WRITE (6, a0 AR K
40 FORMAT (1HO//, 10X, BAHTHE EXPONENT AH {S GREATER THAN 88. N
L SUBROUTINE PGWR. THIS RUN MHAS BEEN TERMINATED. // 10X,
C SHAH = , F15,.7 }
LERR = 1
RETURH
END

SO

AR e e B L

AN R i k] R a5




BEBFYL ASYM
SUMKDUTINE ASVM

SO0

o

10

a0

30

40
50

60
70

80

¢
C
C
€
C
C
¢

C
C

CO“NUN &p ‘li 0- Bﬂ, C' Clo U' Si’ AHQ DH' CHQ QH' ANG ‘Qi'
&N¢., DFL, DF2, OF7: FVALUE, LDy LV, Ry PRDEVM, SEY,
EV, YW, YBEVSQ, E£A

COMMON A, ID'SKy FTRRs [FV, ISOLVE, 13514 Mo

CORMDN Hla,h), Tl4A2, SOEVIS), VMEARI&S, $¢30), VE20146),
PRDEV{20Gd, X11L(200}, REL{200)}, X3L{Z2DOI, V' '200),
YCE200Y, YDEVIZ00)

CORNKON [SClal, INI6Y, FMTIIR), TITLEILG),
iORD, NIDy WNRUN

DIMENS ION IOL1202)y 10242080 Yi2OL)y X1{2010e XK2(2011},
X3(2013, FL1

EQUIVALENLE (F(1}: Ab, (HDEE1)e VERold))y LID2(L)y ¥{la2)),
(Y YY), YEle33), EXETR)y Viloe@)dy (X24%5, Willkendie
EX3E30s VEEe6b )y (XKLL, Sh)e (INI2)y J2)y
(JXE3)s 330 CIN(SRY, J&}, (IXIS)e I5)e CIXLIG), J&)

DIMENSION SUMI8) s WSAVELD)

SUBROUTINE FOR DETERNINING LEAST-SQUARES SOLUTIONS OF PARAMETERS

-67-

FOR ASYMPTOTIC-POWER EQUATIONS OF FORM

Y = (A & (X3%8}) ¢ (

SET INITIAL VALUE OF & TC -4.01.
Bl = '6.02
SEY FIRST~ITERATION DESIGNATOR T0 1.

ITERS = |
00 19O X = !},

ASTORE = Q.
ASVORE = O,
CSTORE = 0.
SET B INCREMENTV INITIALLY YO 0.05

D8 =« 0,05

160

STEP INIVIAL B VALUE BY OB INCREMEMT.
8L = B ¢ DB

IF (K

8 = 8l

D@ 601 = 1, 6
SUR(IY) = 0,
CONT INUE
D8 80 ! = 1y N
XP = XL(I)eep
HP4Q = XP ® XP
XPL = XpP

SuUM{ 1)
Sum(2)
SuR( 3}
Sum(4)
SumMis)
Sumie)

CONTINUE
A = SUMLG)/ISUMLZ

IF (1A JEG. 00 €

«NE«4 B1l) GO VO 40
ITERS = )
81 = 0.01

& xitdn)

sSUMIl) ¢ XP

SUM(2) ¢ XPSQ

SUM(3) + xPL

BUMIA) » (XPSQ ~ XIiLEID))

SUM{S) « (Y(1) = XP1}

SUMIG) ¢ (LY(]) - VMEAN(]1)) ¢ xP}

= AS5UMLL) * SUM{IL)/ANY)
£95(¢1) - (A& & SumM{l)))/AN

7
)




90

100
110

120

130
140

150

i6C

170

180

190

00 FURMAT

C

¢

]
w
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G s SUM(S) - (A & SuUMi4)) — (C & SUM(3))

IF (K JEQ. 1) QSAVE(L) = S(21) - (A & SUM(6})
IF (K JtQe 160) QSAVE(D) = S(21) - (A & SUM{s))
I+ CITERS .£EQ. 2) GO TO 120

IF (G} 90, 170, 100

Mz -]

G0 TO 110

Ma ]

ITERS = 2

GC 10 190

IF (M ,GYT. O) GO YO 130

iF (G) 150, 170, 140

IF (G) 140, 170, 150

B = B8 - (0B ¢ 0.5)

GO0 10O 160

IF (DB .Gie 0.04) GO YO 190

B« 8 ¢ (0B * 0.5)

OCA = AUS(A — 8CTIORE)

008 = ABS(B - BSTORE)

DOC = ABS(C -~ CSTORE)

[F (DDA .LE. l.NE-CB .AND. DUOB .LE. 1.0E~08 .AND. O0OC .LE.1.0€£-08)
GO 10 1790

ASTORE = A

BSTORE = B

LSTORE = C

U = DB * 0.5

G0 YO0 50

USE NEW VARIABLES FOR TEMPORARY SOLUTION.

AA = A

g8 = B

(¢ = C

SUM OF SQUARES OF ¥ RESIOUALS

YORVSQ = S5(21) - (AA & SUM(b))

IF (130LVYE JEQe 0O) GO TO 180

IF (YDEVSY .Lt. QSAVE(2)) GO TO 18a0Q

AA = ASAVE

8B = BSAVE

(C = CSAVE

YOEV3Q = QSAVEL?Z)

STORE PARAMETER

ASAVE = AA

BSAVE = £8

LSAvE = (CC

GAAVE(2) = YDEVSY

SET FEIRST-ITIRKATION DESIGNATOR TN |,
ITERS = |

LET SCLUTION DESIGNATOR T0 i.

SOt vE = ]

CONTINUE

{F A UNIQUE SOLUTION FOR R DOES NOT EXIST
PRINY A MESSAGE RELATING TO THAT FALT,
IF L18NLVE LEQ. ) JAND. YDEVSQ LT,
YOEVSQ L7, QSAVEL3D) GO YO 210
wRITE 16, 2001}

{LIHO0/Z 7, 9X,

IN THE KANGE OF -4 TQO & FOR B. )

JALUES AND SUM OF SQUARES Ot

WOAYE(L]

ISHNO SOGLUTION HAS HEEN FNOUND FNR

Y RESIDUALS.

(N THE SPECIFIED RANGE,

« AND,

THYY PRIBLEM




220

-bY.

{ERR o

RETURN

RESTORE VARIABLES Ty ODRIGIMAL <.
A = AA

B = g8

C = ¢C

CALCULATED vaLUES OF Y AND v RESIDUALS
DO 2201 » |, N

YCUE) = (A ® (X1(])seB)} o C
YOEV(I) = v(}y - YC(1)

CONTINUE

RETURN

EMD
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$IBFTC EXPO

OO OO0

o

1C

2C
3C

L

SUBROUTINE £XPO
COMMON A, Al, By Bl, Cs Cly Dy D1y AH, BH, CH, DH, AN, ANI,
ANZ, DFiy CFZz, T, FVALUE, CDs CV, Ry PDEVM, SEY,

C XV, YV¥, YDEVSQ, EA
COMMTN T4, JOISK, 1ERR, ffv, ISCLVE, ISCls Ny NIV, NOTE, NP
COMMTOR Hla,6), T{4&), SOEVI4), VMEAN(4), S{30), V(201,6),
C PDEV{200)s X1L (200}, X2L (2000, X3IL(200), YL(200),
C YC{2C0), YDEVY(200;
LOMMON [SCUe), AX(6)y FMTLLE), TITLE(LS), IND, !PAGE, lEQ,
f fCxDy NiDy NRUN
LIMENSICN PD1(2Q0 )y 1024201), Y(L201), X1{201)y K2(201),
C X3(2C1i)Ys Fi L)
EGUIVALENCE (FE1Ys A)e (I0LCL)y VELWL)Yy (H0201Y, VILe2)),
C (Y{LD)e VELL) ) (X1E1)y VEHe®) ),y (X201), VIL,5) 1,
C (X30Yie VEL46) 3 (ax{1)y JLYy (JIXE2)y J2),

¢

e e

(X3} e J3)y (IX(G), J4), (IX(S)y JS)e (JXI(B), JO)

SUBMOUTINE FOR DETERMINING LEAST-SQUARES SOLUTICNS OF PARAMETERS
FOR OEXPONENTIAL EQUATICNS CF FCRM

Y x tXP{&A ¢ i3 ¢ X))}

PIRST, CBTAIN LEAST-SCQUARES SOLUTICONS CF PARAMETERS Al, Bl FUK
SEMI-LCGARITHMIC FORM

LN{Y) = &1 « (Bl * X}

SET SUBRCUTINE INCICATON TQ 2.

IND = 2

CALCULATE DENUCMINATOR QF AL TERM,

CENCM = (AN * S(5)) ~ (S(2) ¢ Si{ )

CHECK FOR JEREC DENOMINATQORS,

IF 1DENOM tl. Qe «0R. S5H2) LEQ. Co) GO TO 20

CALLULATE NUMERATCOR UF Al TERM,

ANUM = (S1S) & ST1&)) ~ (S(2) ¢ <(14))

LALLULAT. Al TERM,

Al = ANUM/DENUM

CALCULATE Bl TeExM,

Bl o= (STLeY - (AN & A1) )/S{2)

DETERMINE LEAST-SQUARES SCLUYIONS OF PARAMETERS A, B FOR
EXPOMNERTLAL FORM

LALL [Tew

HE TURN

aRITE ERRUOK M{SSAGE.

wnRITE (6, 3JO) DENCM, StC2)}, AN

FORMAT (IHO//7,10x, 1 IHA STLUTION CANNUT BE OBTAINED BECAUSE A ERD
UENCMINATON EXTISTS IN CNE CR MUKE OF THE TEKRMS (SUBROUTINE BXPQO1).
/77 10X, BHEENOM = , FIS.T / 10X, AHS{2) = , F1S.7 / 10X,
KHAN s, F15.7 )

[ERR = |

KETURN

tND




$IBFTC SOLVE
SUBROUTINE SOLVE

COMMON Ay A}, B8, Bl, Cy Cly Dy DL, AH, BH,

C AN2, DFL, DF2, DFT, FVALUE, CD, CV,

C XVy YV, YDEVSQ, EtA

COMMON IAy 10I5K, [ERR, (FV, ISOLVE, ISCi,
COMMON H{hob)y T{4),y SOEVI4])s VMEANISG)}, S{130),
L PDEVI200), X1lL 120U}, X2L (200 X3L1200),
C YC(2CO), YDEV(200)

COMMON ISCle),y JX{&), FMT(LIB), TITLELLO),

C [ORD, NIL, MRUN

CIMENSICN IDL{201), ID2(20L), YI201)s X1(201),
C X3t201), FL(1)

CIMENSICN utl), wi(2C)

EQUIVALENCE tEFE1)Y, &), (IDLEL) Y VUL, 1), (10211,
L fY(ly, wile33), (X1{1d, VUiea)), (X201,
v (X301 e VILe®BY )y (IXELYy JLl)y CIX(2),
(. (3083, JY)y LUuXt&), Joa), (IX(S),

SUBROUTINE FOR SCLVING STPULTANECUS EQUATIONS

[N aNa

GO YO (20Cy 30, 4Gy SQ)y NP
2O IF (HEL L) JEG. Co! 0O TO 8C
ar = T(L1)/H(1,1)
RETURN
IC CENCN = (HI1, L) /70T Z) )Y ~ 812,11 7/H{Z2,2))
PFO{DENCM b, 0.0 GO T2 50
Atyud s (TLLHI/H{L,20) - (T2 7v02,2)1)
AM = ANUM/OENOM
g = (T(L1) ~ (AW ® H{l. 133 )/00 .20

RETLRN

O LEL) = Imii, 1) & Hy2,3)) ~ (H{2.01) % H(1,3))
HIZ1 & (M{lyd) ® HI243)Y) = (M{Z242Y ¢ HILl,Y))
UEd) = (T 1) & m{2,3)1) - (T(2) ¢ »il,3))}
Ll4a) = (H(2el) ® HEY, 310 - ({3, 01) & M(2,3))
UIS) = [(H{2e2) * H(343)) = (H{Y ) ® H{Z2,3))
Utlg) = {T12) & HIY,3)) - (T{3) & H{2,Y)i

CENOM = (UC1IZ7UL2)) - (L&) /L5
tF (RENCM JBEC. GL) G T0 60

ANUM = {LIEAY/LEZY) AR S NAVIR BN
AR = ANUM/OENOM

BH = fU(Y) - (AR & i1)))/0(2)

{

Crios (THL) —- (AKH & il L)) - 18 ¢ H{L,2)V))/7H!IL,Y)

RETURN

SC LEYY = ap b 1Y 8 H{2,48)0 = IHiIZ2,0) * HiL,s)?
L) w (], 2) & t2,48)0 = (H{242) * Hii,6")
U3 s (bl ied) & el b))l = 100203 & i (,4))
LiA) = (TCL) LN BRI B 1129 ¢ H{],8))
LEB) = RT3 2 Hia,e)) = {H{][,6) & 5 3,6))
LAY o ({2, 3) ® {64 ) = {M{2,4) % H{},6 )
LETY = Il 3,3) & g, 6)) = IM{3,4) & HNEJ,6))
Ay = {(T(Y)) e il L,a)) - (Tla) * Hi 3,40
LEQ)L = (L, % byl ~ (rilyab) & H{? wi}
LG = Hrllel) * s {wab )l = [t llyh) & H{2y41})
COLLY = (402, 2) & it ,6)) ~ (H{3,8) & H{2,4)}
Lty = (1 ¢ ik ,6)) - (Y&} ¢ {l2,4))

Y201 .61,
YL(200),

X2(201),

Yil,24Y,
vil,5)),
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R

WEL) = UiT)/uE3

w(2) = LiT)I/ULG) L
wid) = utibr/utn : SR
wi4) = {Ut&)/utio)) #* LULT)/uUL2)) )
WES) = wil) - (U(B)/ULS)) :

Wl6) = wWid) - (Uull0)/utey) ;

W(7) = wl(2) * (ULB)/ULL0)) ;

W(B8) = wll) ~ (U(6)/ul2)) |

¥(9) = W(3) - (Ull2)/ul8)) ;

w10} = UL1)/0(2) ;

wlll) = Wwil) = (UlS) /Uil i

WOLZ2) = (ULHL/ut100) - w(2) i

WEE3Y - (UlSY/uteli & {4lT)/ullc)) i

WOE4) = WlL) = (Ul6)/ul2)) §

WilS) = w(3) - (UlS)/UL5)) {

WITO) = wWla) & WiS) * W{6) :

Wil7) = Wi7) ¢ WiB) % W(9)

DENOM = (W(1D) * Wi '1) * wli2)) - (wll3) * W(lae) * WilS))

[F (CENOM .FQ. 0.) GU TC 60

ANUM = W{l6) - W(lT7)

AH = ANUM/DENDM

DENOMI = (Ul2)/7083)) - (LL6YsUtT))
IF (DENOM]L .EQ. 0.) GC VO 80

Wl 18) = (UL&)/7UL3Y) - EUIBYIULTY)

Wil9) = (U(1)/0U€3}. = 4 (Sh/u(T)? R
ANUME = WlIR) = (AH % W(19)) R
bH = ANUML/DENOML S

(H = dulae) - (AR & U(1)) - (BK * U{2)))/UL3)
DH = {T0L) ~ (AH & Hilel)) ~ (BH % M(142)) — (CH ® HELy3)Y)/H(L,4)
KE TURN
¢ FRROR MESSAGL
60 wRLTE (6, T0)
10 FORMATY (1MO//10X, 9THA 2ERQO DENOMI® ATOR EXISTS IN THE TALCULATIONS
( OF SUBROUTINE SCLVE. THIS RUN HAS BBEN TERMINATED.)
GO 10 {120y 80, 100), 14D
BO WRITE (6, 90}
90 FO..MAT (1HO/ 10X, G6LIHNQOTE., SUBROUTINE SOLVE WAS LASY CALLED FROM
( SUBRCOUTINE POWR. ) : .
G0 10 120 : AN
100 wWRITE (6, 110} : R
110 FUORMAT (1107 10X, G6LIHNOTE, SUBRCGUTINE SOLVE wWAS LAST CALLED FRQOM
C SUBROUTINE JTER, )
120 JERK = |
RETURN
tEMD
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SURROUT INE
COMMON

CORMON
ComMOMN
CoMMON
DIMENSION

DIMENSION
EQUIVALENCE

SUBROUTINE FOR DETVERMINING LEAST-SQUARES SOLUTIONS NF PARARKRETERS
FOR NON-LINEAR EQUATIONS WHERE AN [TERATIVE PROCEODURE IS

REQUIRED

SYEP SUBROUTINE INDICATOR B8Y 1.

IND = IND ¢
SEY INITIAL
A 85 A]
¥ = Bl
€ 5 C})
0 = D1
LG 20V L =

CLEAR M ARD T MATRICES.
L@ 30 [ = 39, 58

FLer) = Q.
CONT INUE

I¥ (1EQ .EQ. 3) GO VO 40

CHECK MAGNI
IF (A .GT.
EA = EXP(A)
CO 100 | =

IF {(IEQ .€Q. 3) GO TQ S¢C
El = A ¢ (B * X1(1))
£E2 = 2.0 ¢ £1

£y = Xii(1)

E4 = (2.0 & XIL(T)) » E2

CHECK MAGNI
IF (E2 .GT.
CONMPUTED Y

YC(I) = EXP(EL)
CIFFERENTIALS CF v FUNCTION WITH RESPECT TO PARAMETERS A AND B

FPLl) = YC{
FPi2) = YCI
GO TO 60

CHECK MAGNI

TIMES LOGARITHM OF VALUE OF INDEPENDENT VARIABLE FOR WHICH

PARAMETER

ITER
A, Aly 3y Bly Cy L1y Dy D1, AH, BH, CH, DH, AN, ANl,
AN2, DOFl, DF2y DFTY, FVYALUE, CDs CV,y R, PDEVM, SEY,
XY, YV, YDEYS3Q, EA
fA, IDISK,; IERR, [FV, [SDLV¥E,s ISCly N, NiV, NOTE, WP
Hided), T{A), SUEV(4)y VREAN[&), S{30), VI20146¢,
PODEV(200), X1L{200)- XZ2L1200), =3L(20Q), YL(200),
¥C(200), YDEVI(200D)
iSC(&); yxi6s, FMT(18), TITLELLIS)y INO. IPAGE, IEQ,
[GRD, NID, NRUN
ID1(201)y ID2{201)s vI(201}, XE{201), X2(20L1)-
R3{20l)s F1{1)
FP(&), ATEMP(L1}, BTEMP{L11),CTERPILIL),OTEMP(LL}.Qt11)
{Fil)e Adg (IDLEL)y Vilal)d)e (ED2{1%y ¥Wi1e2)),
CY0lYy Viled))e (XECQL) s VL)) (X211} VI LyB)},
EX3{L)y WlLeA)Y (Ux{i)y JL}, (IX{2)e J2i
(Sl{30y J3), LIXib), Ja)y {3XIS)y JS), LIXIG), J8)

1
GUESSES TO LOGARITHRIC SOLUTIONS

ly 50

TUDE OF A FOf. EXPONENTIAL CASE.
88.) GO T0 230

le N

¢ k2

TUDES OF EXPONENTS,
88. .OR., E} .GYT. 88. .OR. E4 .GT. B8.) GO TO 230
VALUES

1)
1) « xttn)

TUGE OF TwWwICE THt PROOUCT OF EACM PARAMETER (By C, D)

IS EXPONENTS  IF GREATER THAN B8., PRINT ERROR MESSAGE.




SC FAS = 2.0 ¢ B & X1L{I)
FAC = 2.0 & C & X20L{1I)
FAS = 2.0 ¢ D ¢ X3L{1)
IF (FAB .67. 88. .OR. FAC GT. 88. .OR, FAD .GTVT. 28.) o0 Y0 23C
¢ DIFFERENTIAL OF ¥ FUNCTION WiTH RESPECT TU PARAMETER A

FPUL) = {X1{I)®aR} & (X207)s%C) % (X3(1)e2D)
YCUL) = A ¢ FP(1)
C DIFFERENTIALS OF Y FUNCTEON WITH RESPECT TO PARAMETERS 8y Cy AND D
FPE2) = YC(1) # Xit(l)
FPI3) = YC(I) & X2L (1)
FPE4) = YC{I) # X3L{L)

PEaM LA A 2

: C Y RESIDUALS g
13 6C YDEV(I) = Y(I) ~ ¥CUI) {
¥ IF INCTE .EQ. 1) GO TO 10C :
i If (iSOLVE .EQ. O GO V0 70

YD = §2.0 & YOI} - ¥(I[)
IF (YD LE. 0O.) NOTE = 1}
GO0 70 100
C CALCULATE H AND T MRYTRICES.
7C 00 90 11 = 1, 4
0O 80 42 = 1, 4
HlBIedJ) = HilieJd) ¢ (FPLIL) #* FPIJIN)
§C CONMVYINUE
TC8E, = TEIIY « QYDEVC(E) & FPI{LID
9C CONTINUE
100 CONTINUE

C iF A SOLUYION HAS BEEN OBTAINED {ISOLVE = 1), STOP ITERATION AMD

C RETURN.
IF (1SOLVE .£Q. 1) RETURN

C SALVE FOR “ORRECTIONS TO PREVIOUS SOLUT [ONS.
CALL SOLVE .
IF (1ERR LEQ. 1) RETURN .
CA = AH o
D8 = 8M 7
0C = CH o
CO = DM

C e

C FIND WHICH FRACTIONAL PARY OF CORRECTION TERMS, WHEW ADDED YO . S

C PARAMETER VALUES, GIVES LOWEST SUM OF SQUARE> OF Y RESIDUALS.

C

(eEnP = 1.0
11C TEMP = Q0.1 & TEMP
0 120 4 % 1, 11

FI = TEMP & FLOAT(J - 1) !
ATENP(J) v A ¢ (CA * FI) ; e
STEMP(J) « B ¢ (DB * F{) | =
CTEMP(4) = C ¢ (DC ¢ Fi) ‘ ‘
DVEMPEG) » D ¢ (DD ¢ FI) i
Q(d) = C.
170 CONTINUE
£O 160 J = 1, 11 { . |
00 150 I & 1, N ) o i
{F (IEQ .€Q. 5) GO O 130 .o
YTEMPoe ATEMP(JS)®(XL1(1)#*BTEMP(J) )SIXZ(T)SSCTERPIJII®
C (X3I(I)**DTENP(J))

GO TO 140




ke
e
¢
v

aNaRalal

~75-

13C YTE®P = EXPUATENPIJ) ¢ (BTEMP(I) & Xx1(1}))
140 YOLF = Y{1} -~ YVEMP
QUte) = QUJY + (YDIF & YDIF)
15¢ CORTENUE
160 CONTINUE
*DEVSC = Q¢i)
im o= §
090 170 J = 2, 1i
IF (YDEVSE .LE. Q{J)) GO TO 170
iR o= J
YOEYSQ = Q(J)
170 CONTINUE
IF (LK .GT. L) GO TO L1&0
i (ABS(DA®*10.0%TENP) JGT, 1.0E-08) GO TO 110
IF (ABS!DR10.0%TEMP) JGT. 1.0E-08) GO TO 110
IF ABS{DO®10.08TERP) JGT4 1.0E-08) GO TO 110
1F (ABS(DB#10,Q¢TERP) JGT. L.0E-08) GD TO 110
180 DDA = ABSQA - ATEMPILMY)
008 = ABS(B - BVEMP(LM))
OBC = ABSEC - CVEMP(LNMS)
009 = ABS{ID - DVTEMP(LM))
UPBATE THE VALWE OF TACH PARAMETER,
A s ATEKPILK]
8 = BTEMPILN)
C = CTEMPELR)
U e OTEMPRLNM}
iI¥ A SO'UTION IS OBTAIL...Dy SET SOLUTIOM DESEIGNATOR, [SCLVE, 7O 1.
{2 SOLUTION [S ASSUMED WHEN THE CHANGE IN THE VALUE OF EACH
PARAMETER FROM ONE [TERATION TO THE MEXT BECOMES EQUAL TO, OR
tESS THAN, 10%¢(-8))J
150 IF (ODA .87. 1.0E~6€8) GO 79 200
IF (DODB .67. 1.0E~08) GO TO 200
IF (DDC .67, [.0E-Q8) 60 T@ 200
IF (ODD .LE. 140€E-08) ISOLVE = |
200 CONTINUE

ERROR MESSAGES

210 WRETE {6, 220) Al, Bi
220 FORMAT (iMO// 10X, 94HNO SOLUTIOK HAS BEEN OBTAINED SOR THIS
C RUN AFTER 30 ITERATIONS. THIS RUN HAS BCEN TERMINATED. ///
C 10X, 21HLOGARITHRIC JOLUTDIONS / 10X, SH A = , Fl4.5 / 10X,
C5H B8 =, FL4.5 )
IF (NIV .EQ. 2§ WRITE (6, 222) Cl
222 FARMAY (1H , %%, SH C u , Fl4.5)
IF NIV .8G. 3) WRITE (6, 224) Cl, OI
224 FORMAT (km , 9X, SH C n o Fl4.% /7 10X, SH O » , Fl4.%)
¢® 70 250
230 WRITE (6, 240) A, 8, C¢ ©
240 FERNAT (iMO// 10X, 66HOVERELONS EXIST IN SUBROUTINE [TER.
C THIS RUN WAS BEEN TERMINATED. /// 104, 444 = , FL4.S5 / 10X,
C 4HB = , Fl4.9)
IF (NEV .EQ. 2) WRITE (6, 342) C
242 FORMAT (1IN , 9%, &4HC = , Fl4.5)
IF (NIV .8Q. 39 WRITE (6, 244) C, D
244 FORNAT (LlH o 9%, 4HC = , F14.5 / 10X, 4HD = , Fl4,5)




25C LERR =
REYTURN
END

i




-77 -

$iBFIC STA

[aXalal

10

30

40

50

€
¢

C
C

¢

c

¢
L
L

SUBROUTINE STATY

COMM0N Ay Aly By Bly Cy Cly Dy Dy AHy BH, CHy, DH, AN, ANI,
AN2, DFLly DF2, DFY, FYALUE, (D, CV¥y Ry PDEVM, SEY,
XV, Y¥, YDEVSQ, EA

COMHON iAs EDISK, IERA, [FV, ISOLVE, ISCle My NIVe NDOTE, NP

COMMON Hi&ea)y TIUn), SDEVI(&)y VMEAN(G), S(30)y v{(201,6),
PDEYL200), X1L (200}, X2L {2003, X3Li200), YL(200},

vyL1200)o YDEV(200)
COMMON I3C{8), JX{6)y FMT{18), VITLE(L16), IND,
[0RD, NIDy NRUN

1PAGE, [EQ,

OIMENSION 10102000, [D2¢201)e Y{201)¢ X1(201)e X2(20L1},

X3{20i1, F(1)
EQUIVALENCE (F(1)e Ady (IDREL), VI(LloLD)y (102(0)y V¥

(Le2))

EYilie VIlo3))y UXLUL)y VILe@))y (X2{1)y V(Ls5)),
EX3(0)s VUleb))y 1IXT1)y JRDy (JUX(2)y J2},

(IXEHYy 43Dy (JIXfady J&)y (IN(D)y IS)y
SUBRDUTINE FOR CALZULATING STATISTICS

YDEVSQ = O©.

DD 20 § = i, N

PERCENT Y DEVIATIONS

POEVII) = (100, * YDEV{I))/YI(I)

SUM OF ABSOLUYE PERCENT Y DEVIATIONS
PDEVYM = PDEYM ¢+ ABS(PDEVII)?}

SUM OF SQUARES OF Y RESIDUALS

YDEVSQ = YDEVSQ + (YDEVII) * YDEV(I))

SUM OF COMPUTED Y YALUES

SE25) = S125) ¢ ¥YC(1l)

CONTINUE

MEAN OF COMPUTED Y VALJES

YOREAN = S{25) /AN

SUM OF SQUARES 0OF COMPUTED Y VALUES ABOUT THEIR MEAN
DO 301 = 1, N

S{26) = S5(26) ¢ ((YC(l}) - YLUMEAN)*%2)
CONY INUE

YOTAL DEGREES OF FREEDOM

DFT = ANI

DEGREES OF FREEDOKR ABOUT REGRESSION CURVE
DFL = N - NP

DEGREES OF FREEDDM DUF TO RESRESSIDN

OF2 = DFT - DF1L

F VALUE

IfFv = 0

DENOM = YDEVSQ/UFI

IF {DENOM . NE. O. .AND. DF2 .Nt. 0.) GO 1D &G
iFrv = |

GO Y0 50

ANUM = $5(28)/DF2

FVYALUE = ANUM/DENOM

[F (FVALUE .GF. 1.0F+08) IFV =}

MEAN OF ABSOLUTE PERCENT Y DEVIATIONS
PDEVM = PDEVM/AN

STANDARD ERROR OF THE ES57iMATC OF Y (3DJUSTL FNOR SA
SUY = SURTIYDEVSU/OFL)

(3X(6)y JOI

MPLE STt
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COeFEICIENT OF VARIATION PERCENT

CV = {100. ® SEY)/VMEAN(])

COEFFICIENT OF DETVERMIMATION (UNADJUSTED FOR SAMPLE SIZE)
L0 = 1,0 - {YDEVSQ/sS(21))

COEFFICIENT OF CORRELATION {UNADJUSTED) FOR SAMPLE SIZE)
R = SQRTICOD}

RETURN

END

;
|
i
f
i




SIBFT( ourj
SUBROUTENE OUT}

COMNON Ay ~'y By Bly C, Cl¢e Dy 02y AMy BHM, CHe DMy AN, AVI,
c AN2, OFL, DF2, DFT, FYALUE. CD, CY, Ry PDEVM, SEY,
1Y, ¥V, YDEVSQ, EA
COMmMON IAe I0ISK, IFRR, IFV, ISOLYE, ISCLl, 4y NIV, NOTE, NP
COMMON Hi&4o4), Tt4), SDEVIS), VEEAN{G), S(30), V(201,6),

: POEV(200), X1L(200), X2i (200}, X3L{200), YLI200),
YC(200), YDIV(20C)

COMNMON ISC(A), SX(8)y FMT(1B), TIVLE(LO)s IND, IPAGE, IEQ,
I0RD, NID, MNRUM

DINENSION 101(201), K02(201), Y(Z01), A1(201). R2(201),

e ¢

~

C X3.201%, %11,
EQUIVALENC: (FULDy Ady (IDREL),y VUil ), ([D2(1)e VILle2)),
¢ (VOLDo VEile3MDe REiDDe VIRoOIDe IN2€1), VI(L,9)},
C EX3012s VURobd)y §UNULD, JA)y LINE2), ID),
C (3X(3)y I3), LIK(A), JO), (JNIS)e JB)y (INC(G), J6)

SUBROUTINE FOR PRINTING SURMARY TABLE

[aNaNal

10 WRITE (6, 20)
20 FORMAT (1HO//7 39X IINSUMMARY TABLE ///)
NPYl = B® & 1A
IF (1A .EQ. 1) HRIVE (4, 295)
2% FORMAT (in , 12X, LOANNOTE -~ THE STATISTICS CALCULATED FOR THIS

C RUN ARE HOT COMPARABLE WITH THOSE FOR UNSPECIFIED Y-INYERCEPTS.
C7/77 )

30 WRITE (&, 40) A, B
40 FORMAY (1w /
C 30X, A1HA
C 30X, 41INB
GO YO (90, 90, %0, 70), NP1
50 WRITE (6, 60! C
60 FORMAY (1N
C 29%, &IHC
IF (IEQ .20. ?) wRIYE (6, #5) XV, YV
65 FORMAY (1M /
C 30X, 41HX COOROIVATE OF VERTEX POINT
C 30Xy 4L1HY COORDINATE OF VERTEX POINT v
60 70 ¢0
70 WRITE (&6, 80) Cy O
80 FORMAT (1M ,
C 290, QINC v 10K, Flo.% /
C 30X, 4lHD v 10X, Fle.8
90 [F (JEQ .NE. 3 .AND. IEQ .NE. S) GO TO 190
WAITE (6, 100)
100 FORMAY (1K / 30X, 21MLOGARITHMMIC SOLUTIONS )
i WRITE (6o 110) AL, B}
110 FORMAY (1M ,
L 29X, &4lH A s 10K, Fla,8
L 30X, 4lH B v 10K, Fle.S
GO YO (160, 160, 120, 140), NP1
120 WRITE (6, 130) (1}
130 FORMAY (1H ,

C 29Xx, &l ( v 10K, Fla.Y% )
G0 10 160

v 10Xy Flw.S /
v 10K, Fl&,.* )

o 10X, Fl6.% )

¢« 10X, Fla,8 ¢/
10Xy Fle.3 )

-

- N,




=0 -

140 WRITE (6. 150) L1, 01
150 FORMAT (LH ,
L 29x,y &in { v 10X, Fle.5 /
L 30X, 614 D » 13, Fl&.5
160 IF (IEQ <EQ. S} WRITE (6. 170) LA
LT0 FORMAY [LH /
C 30Xy &LHY INTERCEPT v LOX, Fl4&.5 )
190 wWRITE (6, 200) Ry LDy SEY, LV, YDEVSQ, °PDEVH
200 FORMAT (LW /
{ 30X, 4IHCOEFFICIENT OF CORRELATION (UNADJUSTEDY , 10X, FL&.5 /
L 30Xe iHACOEFFILIENT OF DETERMINATION (UNADIU TED), 10X, Fl&,5 /

-

C 30Xy 4O6HSTANDARD ERRQOR OF THE ESTIMATE OF « (FUJUSTEDI), 5K,

L Fleus /

C 30X, SIHCOEFFICIENY OF VARIATION {(PERCENTI v 1OXe Flé&.S /
C 30Xe 4#1HSUM OF SQUARES OF ¥ RESIDUALS o 10Xy Fl&aoS /
L 30x, ~LHMEAN OF ABSOLUTE PERTENT Y DEVIATIONS v LIXy Fl&.5 )

{F (IFY JEQ. 0O) WRITE (6, 210) FvALUE
240 FORMAY (IH /
L 30X, 4lHF VALUE v 10X, Fl6.5 }
LF (IFVY EQ. 1) wxlle (6, 220}
220 FORMAT (LH /
C 30X, &1HF vAL Ut v 1AX,
L 30HEQUAL TO DR SREATER THAN 1Oeep )
wRITE (&, _320; OFly DF2, OFT
230 FORMAT (1H ,

L 29Ky 41 T"OREES OF FREEDOM ABOUT REGRESSIIv CURVE. 10X, Flée.5 / .
T 30X, 4lHULGREES OF FREEDOM DUE 10 RESRESSION r 10Xy Flé&oS / -,
U 30X, &LATOYAL OFGREES OF FREEDOM e 10X, Fi&.5 ) .

wRITE (6, 235)
235 FORMAT (1IH . 30X, 194MEANS OF [NPUT DATA )
wRITE (6, 240) VHMEAN{L1), VMLAN(2)
240 FIRMAY (1M ,
L 29X, 41H Y v LOX, Fl&.S /
L O30X, &1)v. X1 e 10X, Fléd.n )
O V0 (290, 250, 2701, NIV :
250 WRITE (6, 260) VMEAN(3) C
260 FORMATY (1o , :

S O29x, 4ln X2 v 10X, Fl&.5 )
GO I 290
ZT0 WRITE (6, 280} «MEAN(3), VMEAN({4) .
280 FORMAT (M ,
C 29X, &1H X2 o LOX, Fl&.5 /
L 30X, 4lIH X3 e 10X, Fle.5 ) f

290 WRITE (6, 29%)
295 rORMAT (14 / 30x, 3I3HSTANDARD DEVIATIONS JF (NPUT OAIR)
WRITE (64 300) SUEV(1), SDEV(2)
V00 FORMAT (1+ “

L 29X, &|H Y o LIXy FLG.5 /
C 30X, 4lH X1 e 10X, Flé.5 )

LY T (350, 310, 3300, NIV
310 wRTE (6, 320) SOEVIY)
120 FIRMAT {(1n ,
L 29K, &l X2 o 12X, Fl&.5 )
L0 T 350
30 w1 TE (6, 340) SCEVIIL, SOEVIS)
34O FORMAT (IH




L 29 &ln x2
C 30X, &1H X3
350 wRITE 14, 360) AN
160 FORMAT (1M ;
C 30X, &1HNUMBER DF DATA
RETURN
END

POINTS

]

1ox,
10x,

5K,

Fleos /
Fle.5 )

Fle.d )
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SUBROUTINE Cut?2
COmMmQON A, Al, B, B,

Ce Cle Dy Dl¢ AH, BH, CH, DH, AN, ANIl,
C ANZ2y OFL,y DF2y DFT, FVALUE, CO, CV. Ry FDEVM; SEY,
C XVy YV, YDEVSQ, EA
COMMON [A, I0ISK, [ERR, ;Fv, ISOLVE, ISCly N, NIV, NOTE. NP
COMMON Hi{4os4), TlG), SDEV(4), VMEAN(<), SE30)y V(201461
C PDEVI200), X1LI1200), x2L(200), X3FLL200), YL{200),
C YC12€C0)l, YOEV(200)
LOMMON I1SCl&e), JXtb), FMY{LR), VITLE(LG), IND, IPAGE, 1EQ,
¢ ICRCy NIDy NRUN
CIMENSION 1011201), 1D2€201), Y(20UL), X11201), X2(201),
C X3I{Z2Ci)e FU1)
EQUIvALENCE (R (1), A}, LIDLEL)y VI, 1))e (1D20(1), VUL,20),
L (Y(LYe VET 43D )y (XL(LD, VELle@)hy (X2(1)y VLs45)),
C (X301), villebany (OXELY, Jhdy LUXE2), 42),
. (IXU3hy JI¥) e CUX(&Q)y J&) s (UXiS)e 4S5y CUXIB), JO)
SUBROUTINE FCR PRINTING INFLT DATA, CALCULAYED Y VALUES,
Y RESTIDUALSe AND PERCENT ¥ DEVIATIONS
PRINT TITLE ON NEW PAGE
1C wRITE (&, 2C" (TITLELL, | = 1o 16), IPAGE
2C FORMAT (1HL1/ 10Xk, 16A&, 41X, SHPAGE , 12 /
STEP PAGE NUMBER 8y |,
{PAGCE = [PAGEt + |
SET LINE COUNT TN JERQ.
LINES = C
wRITE (6, 30O
30 FORMAT (tHG/ 49X, 3LHCCMPUTED Y VALUES AND RESICUALS
N T t&Cs 1uly 1&0), NIV
40 mRITE (&, SC)
SC FORMAY (110 109X, THPERCENT / {aX, SHULABLL, 17X, IHY 17X, 2HXxi,
C 15X, THY CALC.,y 13X, 216kY DEV,, 13X) 7/ )
UO S0 | = L, N
Fry = /%
12 = FLOATULY/5.C
IF (LINES JLT. 4Q) LG YU 5SS
mRITE (&, 2C) (TLTLE(K) ¥ = 1o 16)y [PALC
[PAGE = [PAGE » |
WRITE (&6, °
WRITE t&, 50U
LINES = ©
5% mRETE (64 600 (VULIek),y XK = 1,4 &), YCCl), YOEV(L), PDEVLI)
€0 FORMAY (LW , J¥X, 2A4, 55X, Fl&.%] )
CINES = LINES o
IF (FTL Jtw. HIZ2) mRITE (/. 70}
1C tORMAT {1+ )
RC FORMAT (IMG/ 4ax, &IHCOMPUTEL v VALLES ANC RESTOUALS (CONTINUED)
9L CONT Lt
(Y 1(¢ 180
100 wi]V1E (&, 110
L N FORMAT (RO [10Owx, TrPEw{ENT / 10X,y SHLASEL. 15X, 1HY, 15, /~Y],
CoLS S, 2hx2, TIX, Iay LAiL.e ilX,y 2(6HWY [tvWe, L1XT 7 )
GOOH3C T s Ly N

20T BRI VA

L teaiae L A




F12 = FLOATLT) /5.0
[F (LINES .iT. 40) GC YO 115
WRITE (6, 20) (TITLE(K), K = 1, 18), IPAGE
IPAGE = IPAGE +
woor (6, BO)
. JTE (6, 110)
L.NES = C
115 WRITE (6, 120) (VII.K)y K = Ly S}y YCUL), YOEVLI), PDEV(I)
120 FORMAT (LH o 99Xy ¢4, 613X, F16.5) )
LINES = LINES ¢ |
IF (FIY EQ. FL12) wWRiTE (6, T70)
130 CONTINUE
GO TO 180

14C wRITE (&, 150!

150 FORMAT (1HO/ 121X, THPERCENT / 2X, SHLABEL, 15X, inY, 15X,
C ISK' SHX2, 15X. ZHX3, 13X, THY CALC.s 11X, &HY L‘EV.. l’.x'
C 6HY DEV. /7 )

CO T 1 = t, N

FI1l = 1/5

F12 = FLOAT(1)/5.0

[F (LINES .LT. 40) GG TC 1593

WREITE (&, 20) (TITLE(K), X = 1, '~ IPAGE

IPAGE = [PAGE ¢ |

WRETE (6, 80)

MRITE (&6, 15O)

LINES = O
159 WRETE (6, 160) (VUI.K)y XK = Y, 6}, YCU}), YOEV{(}, PDEVLI])
180 FORMAT (1M , LIX, 2A4, T(3X, H14.5) )

LEIRES = LINES ¢ |

1F (FL1 .EQ. FL12) wRITE (&, 70)

170 CONTINUE

180 IF (WOTE .EQ. 1} wWRITE (&, 190)

190 FORMATY {(I1KO/, 10X, 1O9HTME ABROVE SULUTION FOR THIS CASE
C GIVE AN ABSOLUTE MINIM{ZATION CF Trt SUM OF SQUARES OF ¥
€S, )

RETURN
tND

dHX1,

DOES NOT
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